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inhibits postoperative vomiting. 


With ‘Thorazine’ “postoperative retching seldom is a prob- 
lem. Intractable nausea and retching due to spinal anesthetics 
responded . . . Retching caused by organ manipulation 
also responded.””! 

“Thorazine’ administered before general anesthesia “re- 


duced the postoperative vomiting from 28.8 per cent to 
”» 


” 
13 per cent. * 
1. Mathews et al.: Am. Pract. & Dig. Treat. 6:360 (Mar.) 1955, 


2. Albert and Coakley: Anesth. & Analg. 33:285 (July-Aug.) 1955, 
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scribing, the physician should be fully conversant with the available 


literature. 





1530 Spring Garden Street, Philadelphia 1 


TABLE OF CONTENTS 
VOLUME 73 SEPTEMBER 1956 NUMBER 3 


ORIGINAL ARTICLES 


Papers Read at Thirteenth Annual Meeting of the Central Surgical Association, 
Rochester, Minn., Feb. 23, 1956 


The Obligations of Achievement PAGi 

Kudo FN Oery t-D. BOUIVING§ «onc 4 oe ac dc hemushucecceuaweaes 375 
Alimentary Tract Duplications 

Ke Seber, MED. Piste cc ree wren bern co vivaticeniwn seis ei ewawawier 383 
The Surgical Complications of Meckel's Diverticulum in Infanis and Ch.ldren 

Clifford D. Benson, M.D., and Laurence M. Linkner, AID., Detroit 2... 393 
Further Studies in Intussusception in Infants and Children 

John B. Condon, M.D., and Harry A. Oberhelman, AID., Chicago .... 399 


Indications for Direct Arterial and Aortic Surgery in Obliterative Disease 
B. Liseman, M.D.; W. G. Rainer, AID; W. G. AMMalette, \D., and 
a ee ee eee eee er reer rey Peer rer ee $11 
End-to-Side Bypass Homograft Without Resection in Segmental Arterial Occlusion 
Harold Laufman, M.D., Ph.D.; Robert Hlohf, AlD.; 
Victor Bernhard, M.D., and Otto Trippel, MD., Ievanston, Ill, oo... 418 
Equine Arterial Heterografts Altered by Controlled Enzymatic Digestion 
William T. Newton, .D.; Theo. lk. Weichselbaum, Ph.D., and 


PEOVUCW IN. EY ULCMOY Fis VEE gt Be OUNG w o anicc: 5 oa: on ck cay a oh ole winter orereres 132 
Observations of Elastic Synthetic Fabric Sleeves as Vascular Prostheses 
Robert 11. Whittlesey, Al.D.; Nicholas AI. Sekerak, AlD.; 
J. W. Blunt Jr., MID., and Stephen S. Hudack, M1.1D., Cleveland .... 440 
The Mechanism of Intestinal Perforation from Nonpenetrating Abdominal Trauma 
Thomas Geoghegan, AI.D., and Brock I. Brush, D)., Detroit oo. 00... $55 
Gastric Mucosal Capillaries in the Human 
EE. B. Miller, Mb. ana V. A. Plaseceve, M.D: Detioit 22. 3. 2223s en AO 


Subtotal Gastrectomy for Peptic Ulcer 
William S. Caudell, AV.D.; C. Alarshall Lee Jr., ALD... and 
a ae Oe eee eee eT oe ey Lee Teer ee eT eee 469 
Comparison of Two Methods for Induction of Hypothermia in Dogs 
James A, Helmsworth, AID., and William R. Cole, ATD., 
Cincinnati, with the technical assistance of Alarilyn Me G 


FLODRSIUONIN: GH ZEIGE WRAGRE oisiiirs ceca en ve cw wee ence esouce seen 481 
Experimental Repair of Cardiac Septal Defects 
A. Riberi, M.D., and H. Kayikuri, MI.D., Indianapolis oo. .00..0. 00044. 485 


Hypothermia in Open Heart Surgery 
Ormand C. Julian, M.D.; William S. Dye, AI.D.; 
William J. Grove, M.D.; Mlax S. Sadove, A1.1)., and 
ého Wi. Coelho, MODY OC MGQggo: occ. concn ney otk eae ce cevecaeeu 493 
Mitral Valve Surgery and Left Heart Catheterization in Giant Left Atrium 
Iidward MI. Kent, M.D.; Don 1. Fisher, MID.; 
William B. Ford, AI.D., and John Vo Newville Jr, MD., Pittsburgh 2... 503 
Causes of Death in One Thousand Operations for Congenital Heart Disease 
Willis J. Potts, AT.D.; William O. AleQuiston, AID... and 


Thomas G. Baffles, V7.D., Chicago CRE Oe «6 ele 66 ee eon ee eee ee S ae wee 508 
Argentaffin Carcinomas 
W. James Eldred, M.D., Oakland, Calif. .........cccccccccccccvces 517 


Complete Anatomical Correction of the Tetraology of Fallot Defecis 
C. Walton Lillehei, AVD.; Aloriev Cohen, M.D.: Herbert 1. Warden, 
M.D., and Richard L. Varco, M.D., Minneapolis ....... 000. .200e8. 525 
Calcification in the Portal Vein 


S. Frank Redo, M.D., New York, and 


Jt 
~ 


Ward D. O'Sullivan, M.D., Philadelphia ...........00 cc ccccccces 532 
CORRESPONDENCE 
Ligation of Inferior Vena Cava After Nephrectomy 
KR. Morton Bolman, AI.D., and Robert P. Lloyd, AID, 
RE WRONG. IIE cane waaay amar arta Ook tie nae meme cates Ls 


SCIENTIFIC EXHIBITS 
Combined Operations for Intra-oral Carcinoma and Cervical Metastasis 
Oliver HT. Beahrs, AT.D.; Kenneth D. Devine, MI.D.; 
Iidward L. Foss, M.D.; Stanley W. Henson Jr., M.D., 
and Arthur Hf. Bulbulian, D.D.S., Rochester, Minn, 2.0... 0 00 0c ee 539 





A. M.A. 
ARCHIVES oF SURGERY 


Also the Official Publication of the Central Surgical Association 
and the Western: Surgical Association” 











VoLuME 73 SE -PTEMB E R 1956 Nu MBER x 





Copryricut, 1956, BY THE AMERICAN Mrpicat ASSOCIATION 








Published monthly by the AMERICAN MEDICAL ASSOCIATION. Editorial and Circulation Offices: 
535 North Dearborn Street, Chicago 10, Illinois. Publication Office: Thompson Lane, Box 539, Nashville 1, € 
Tennessee. Change of Address: Notice to the circulation office should state whether or not change is per- 
manent and should include the old address. Six weeks’ notice is required to effect a change of address ~ 
Second-class mail privileges authorized at Nashville, Tenn., Aug. 6, 1956. 


EDITORIAL BOARD 


WALTMAN WALTERS, Chairman, Rochester, Minn 
LESTER R. DRAGSTEDT, Chicago 








IN 
ARTHUR W. ALLEN, Boston G. E. LINDSKOG, New Haven, Conn. t 
ALFRED BLALOCK, Baltimore WALTER MADDOCK, Chicago cle 
ROBERT ELMAN, St. Louis ALTON OCHSNER, New Orleans Ci 
FRANK HINMAN Jr., San Francisco HENRY KING RANSOM, Ann Arbor, Mich 
BARNES WOODHALL, Durham, N. C. th 
—————— he 
AUSTIN SMITH, Editor, A. M. A. Scientific Publications its 
GILBERT S. COOPER, Managing Editor, Specialty Journals ‘ay 
in 
AMERICAN MEDICAL ASSOCIATION SCIENTIFIC PUBLICATIONS Ss] 
A. M. A. Specialty Journals it 
Monthly te 
u 
A. M. A. Archives of Internal Medicine, Pau! S. A. M. A. Archives of Pathology. Paul R. Cannon, 
Rhoads, M.D., Chief Editor, American Medical M.D., Chief Editor, Department of Pathology, Uni th 
Association, 35 N. Dearborn St., Chic ago 10. versity of Chicago, The School of Medicine, 950 : 
Price $10.00; Canada, $10.50; Foreign, $11.50; in E. 59th St., Chicago 37. Price, $10.00; Canada, it 
dividual copy, $1.00.* $10.50; Foreign, $11.50; individual copy, $1.00.* ij 
: : It 
A. B.A. Archives of Dermatology. Herbert Rattner, M. A. Archives of Neurology and Psychiatry. i 
M.D., Chief Editor, 104 S. Michigan Ave., Chicago o} 
Price. £1200: Canada. $12.50: Foreien, $13.50 "Harold G. Wolff, M.D., Chief Editor, Neurology, Ss 
> hic Pa pron $1.25.¢ iad ee Ae 5S E. 68th St, New York 21; Roy R. Grinker Sr a 
, a » > : M 'D., Chief Editor, Psychiatry, Institute for Psy- 
A. M. A. Archives of Ophthalmology. Francis Heed chosomatic and Psychiatric Research, 29th St. and )| 
Adler, M.D., Chief Editor, 313 S. 17th St., Phila Ellis Ave., Chicago 16. Price, $14.00; Canada, | 
; delphia 5. Price, $12.00; Cz nada, $12.50; Foreign, $14.50; Foreign, $15.50; individual copy, $1.50.4 pe 
$13.50; individual copy, $1.2 
. M. A. Archives of Surgery. W altman Walters, A. M. A. Archives of Otolaryngology. a M 
i Coates, M.D., Chief Editor, 1721 Pine St., Phila 
; M.D., Chief Editor, American Medical Associa delpl ; - 14 OC oll ta. 
; : . dagaer's # A “seh a phia 3 rice, $14.00; Canada, $14.50; Foreign, \\ 
tion, 535 N. Dearborn St., Chicago 10. Price, 1 5.50; individual copy, $1.50.1 ¢ 
$14.00; Canada, $14.50; Foreign, $15.50; individual oe . ws Dig 1! 
copy, $1.25.f 
' A. M. A, Archives of Industrial Health. Prof. Philip | 
A. M. A, Journal of Diseases of Children. Robert Drinker, Chief Editor, Dept. of Industrial Hygiene, eC 
B. Lawson, M.D., Chief Editor, 1000 N. W. 17th Harvard University School of Public He alth, 55 : 
St., Miami 36, Fla. Price, $12.00; Canada, $12.50; Shattuck St., Boston 15 Price, $10.00; Canada, m 
Foreign, $13.50; individual copy, $1.25.+ $10.50; Foreign, $11.50; individual copy, $1.00.* \ 
* Price to students, interns, and residents: $6.00 in + Price to students, interns, and residents: $7.00 i: . 
U. S. & possessions U. S. & possessions. 16 
t Price to students, interns, and residents: $8.00 in Zz 


U. S. & possessions. 
Oo 
Phe price for individual copies applies only to this and the previous calendar year. Back issues older than 
two years are available through Walter J. Johnson, Inc., 111 Fifth Avenue, New York 3. Future reprints ps 
of back issues will be available through Johnson vated Corporation, 111 Fifth Avenue, New York 3. 


The Journal of the American Medical Association. Weekly. Annual Subscription Price: Domestic, $15.00 SI 
Canadian, $17.00. Foreign, $21.50. Price to students, interns, and residents: $9.00 in U. S. & possessions 
Quarterly Cumulative Index Medicus. Issued Twice a Year. Subscription Price, Calendar Year, $25.00. 


Checks, money orders, and drafts should be made payable to the American A 
Medical Association, 535 North Dearborn Street, Chicago 10. 








SURGERY 





he Obligations of Atl asiinigil 


RUDOLF J. NOER, M.D., Louisville 


Just 15 Vvears ago, on feb. 28, 1941, Dr. 
Roy ID). MeClure delivered the first Presi 
dential Address before the newly organized 
Central Surgical Association. Speaking at 
the Michigan Union, in Ann Arbor, Mich., 
he outlined the ideas which had_ stimulated 
its formation and reviewed the objectives 
and ideals which guided the founders in its 
The 


spread acceptance of this new society and 


inauguration. immediate and wide 
its continuing and = sustained success bear 
testimony to the soundness of the principles 
upon which it was founded. Today, upon 
the 15th anniversary of that first meeting, 
it is appropriate that we who have enjoyed 
should review its) back 


its many benefits 


ground of achievement and consider to 
gether the obligations which have thus been 
placed upon us for the future of this im 
portant Association. 

Karly discussions on the need for this 
tvpe of organization began about 1938 or 
1939, but the first record of activity is a 
letter sent by Dr. Roy D. MeClure, early 
in 1940, to a group of American Surgical 
Association members. Tle asked for opin 
ions regarding the need for such an organi 
zation and the possibilities which it might 
offer. Certain portions of his letter are of 
particular interest: “In our section of the 
United States the more promising younger 
surgeons do not have the opportunity for 

Submitted for publication .wpril 3, 1956. 

Presidential Address, given at the Thirteenth 
Annual Meeting of the Central Surgical 
1956. 


\ssoci 


ation, Rochester, Minn., Feb. 25, 


self-expression and stimulation of friendly 
and intimate contacts with each other that 
are open to men of similar abilities and 
aspirations in other parts of the country. 
There is real place and purpose for a cen- 
tral [states] surgical association. I know 
of a dozen eligible, grade A, high-class, 
young surgeons in Detroit and Michigan 
who would be excellent material...and 1] 
have good reason to believe that other cities 
in the central states have similar groups of 
On March 23, 1940, he wrote 


replies had been received, 18 of 


eligible men.” 
that 22 
them favorable, some enthusiastic, 3 luke- 
warm, and 1 opposed to such an associa- 
tion. As a result, a series of meetings took 
place, during the course of which the new 
society gradually took form and finally was 
incorporated as the Central Surgical Asso- 
ciation. Two basic problems seem to have 


concerned the founders: first, the lack of 


a small, regional surgical association in 


the Central States area, comparable to those 


existing in the New Ingland, Southern, 
Western, and Pacific Coast ‘areas, and 


second, the need for what seemed nowhere 
to exist, a forum where promising young 
men could present their ideas and_ partici 
pate actively in a surgical organization of 
their own.* 

After a preliminary gathering in Detroit, 
on April 2, the organizational meeting was 
held in St. Louis, on May 1, 1940, 
the group, all 


lellows of the American Surgical Associa 


with 


21 members of founders’ 


Col- 
about the 


* The Surgical Forum of the American 


lege of Surgeons was developed at 


same time. 








tion, present. Dr. McClure was _ elected 
Acting Chairman, and Dr. George Curtis 
Acting Secretary. These two men, perhaps 
more than any others, deserve credit for 
the zeal and unflagging spirit with which 
they promoted the development of the 
Central Surgical Association. A resolution 
calling for its organization was adopted, 
and this became the preamble to the con- 
stitution. The remainder of the meeting 
was directed to the development of a con- 
stitution and bylaws, and to other basic 
needs. Three forms of membership were 
decided upon—active, senior, and honorary, 
with the active membership limited to 100. 
Officers elected for 1940-1941 were as fol- 
lows: President, Roy D. McClure; Presi- 
dent-elect, Grover Penberthy; Secretary, 
George Curtis; Treasurer, Max Zinninger ; 
Recorder, Henry Ransom, and Councilors, 
Kellogg Speed for one year, Vernon David 
for two years, and Carl H. Lenhart for 
three years. It was also decided that the 
first meeting would be held at the Univer- 
sity of Michigan, in Ann Arbor, during the 
latter part of February, 1941. 

A second meeting was held at the Ford 
exhibit, New York World’s Fair, on June 
12, 1940, and a third in the Detroit Club 
on Sept. 25. These two sessions were de 
voted to selection of founders and founder 
members and to plans for the first meeting 
to be held at Ann Arbor in February, 1941. 
It was agreed to “keep the Association 
young and inexpensive.” Considerable dis 
cussion occurred with respect to geographic 
distribution of membership and the question 
of publication of proceedings and papers. 

The final meeting of the founders group 
was held in the Stevens Hotel, on Oct. 23, 
1940, at which time membership lists as of 
that date were approved. It was decided 
that there would be no geographic restric 
tion of membership, and that members 
would not be restrained from joining any 
other surgical association. 

The First Annual Assembly of the Cen- 


tral Surgical Association took place on 


- 
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eb. 28 and March 1, 1941, at Ann Arbor, 
Mich. The choice of this location no doubt 
reflects the interest of Dr. Frederick A. 
Coller in the new organization and his long 
friendship and association with many of 
the founders. An invitational clinic day at 
the Henry Ford Hospital, in Detroit, pre- 
ceded the regular meeting and included 
presentations by members of that staff and 
of the Department of Surgery of the Wayne 
University College of Medicine. This pre- 
liminary clinic day established a precedent, 
which has continued to this day. A recep- 
tion for members and guests was given at 
the Dearborn Inn that evening, and_ the 
formal program followed on Friday and 
Arbor. The 


added 30 surgeons, 14 of them from De- 


Saturday at Ann council 


troit, to the original founder members’ 
group. The secretary explained that the 
“founders” actually were those Fellows of 
the American Surgical Association particu- 
larly interested, and that the “founder mem- 
bers” were 


young men = “particularly 


associated with the founders...and... 
sponsored by the founder’s group.” With 
respect to the new names he added, “the 
following names, which have been elected to 
membership, were proposed originally to the 
officers by the various sponsors ...and_ the 
men were recommended by our membership 
committee to the council. The final action 
of their election has been made by the 
council, and as Dr. McClure has explained 
to you, this is the last of the choice of our 
so-called ‘founder members’— that is, the 
ones who have been chosen by the sponsors 
of this association.” This made a total of 
42 “founders” and 107 “founder members.” 

Thus a new and important surgical as- 
sociation came into being and was well 
along its way toward success. The unique 
sponsorship by founders from the Ameri- 
can Surgical Association had assured what 
might be referred to as a “running start,” 
and the first meeting in Detroit and Ann 
Arbor fulfilled and went beyond the fond- 
est expectations of those who planned it. 
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OBLIGATIONS OF ACHIEVEMENT 


A second meeting held at the Drake Hotel, 
in Chicago, was well attended, and the pro- 
gram upheld the high standard of scientific 
excellence set at the first meeting. 

Acceptance on the part of the profession 
in the Central and Great Lakes areas was 
immediate, and even enthusiastic. As might 
be expected, recognition on the part of es- 
tablished organizations was less spontane- 
ous. It is interesting to note an exchange 
of letters between Olin West, then secre- 
tary of the American Medical Association, 
and Dr. McClure, relative to a listing of the 
Central Surgical Association among the na- 
tional organizations. Dr. West indicated in 
his letters that it obviously was impossible 
to include all of the medical organizations 
in their listing, while Dr. McClure protested 
that if any regional organizations were to be 
listed, there was no reason to make an ex- 
ception in the case of the Central. Question 
was later raised by the society about a rep- 
resentative on the American Board of Sur 
gery, and the reply was this was not 
possible. The later, complete acceptance of 
the Association by the American Medical 
Association is familiar to all, and it is of 
particular interest that the American Board 
of Surgery, in 1952, requested the Central 
Surgical Association to supply a member 
for that Board. In the same year, a Gov- 
ernor of the American College of Surgeons 
was for the first time selected from our 
membership. 

l‘our persons, more than any others, ap- 
pear to have been responsible for the de- 
velopment and sound beginnings of the new 
society: the first presidents, Dr. Roy D. 
McClure, Dr. Grover C. Penberthy, Dr. 
Roscoe R. Graham, and the first secretary 
and later president, Dr. George M. Curtis. 
Many of the ideas of these men with re- 
spect to the new organization appear in 
Dr. Roy Me- 
Clure (Fig. 1), speaking on “The Inaugura- 


their presidential addresses. 


tion of the Central Surgical Association,” 
said, “My election to this affice is probably 
a token of recognition of a role played in 
the formation of our society, and while it 
is true that the concept of the organization 


originated with me...the greater credit of 
its sound foundation belongs to those Fel- 
lows of the American Surgical Association 
who have agreed to act as its sponsors. ... 
Some years ago | came to realize that a 
great many able, well-established, and ex- 
cellently qualified surgeons had been barred 
from inclusion in the senior surgical so- 
cieties, mainly because of the ‘closed 
number’ policy, while the oncoming gen- 
eration of young men who have an in- 
creasingly better foundation training had 
even less chance. ... 1 could not help reflect- 
ing on the curious circumstance that of all 
the important cartographic divisions of our 
country, the potentially most important one, 
the Mid-West, was the only one lacking its 
own surgical society. These considerations 
made it clear that an unmistakable need 
existed for a surgical society with its head- 
quarters in the Central and Great Lakes 
region. wee 2a society has been projected 
as a proving ground for young surgeons... 
a stimulus when this is most needed; as a 
bridge between the time of completion ot 
residency, acceptance by the Boards, and 
arrival at the period of recognition as sur- 
geons—a time interval during which many 
young surgeons stagnate through inaction 
and lack of stimulation by a scientific surgi- 
cal society.... 1 was interested to note that 
times and people change but little, for those 
who demurred offered the same objections 
as those advanced by the opponents of Sam- 
uel Gross and the other founders of the 
American Surgical Association, in 1879. The 
claim was made then, as now, that with 
the country full of all sorts of surgical so 
cieties there was no need for such an organi- 
zation. The suggestion has also been made 
that this society might encroach upon the 
regional meeting of the American College 
of Surgeons in this area. In reply to this 
charge, I can do no better than again quote 
the words of Samuel Gross when he was 
similarly accused of striking a blow at the 
American Medical Association: ‘We can 
hurt no society now in existence or likely 
to come into existence. We can hurt only 
ourselves if we fail to do our duty.’ 
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2—Dr. Grover C. Penberthy, second 
Fig. 1—Dr. Roy lent of the Association. 
of the .\ssociation. 
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Fig, 3-—Dr. Roscoe R. Graham, third presi- Fig. 4—Dr. George M. Curtis, first secre- 
dent of the Association. tary and fifth president of the Association. 
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OBLIGATIONS OF ACHIEVEMENT 


“All 


started with the same high ideals, namely to 


been 


medical organizations have 
promote the art and science of medicine, to 
encourage the acquisition of knowledge by 
their members, and to aid in the improve- 
ment of the general health of the commun- 
ity. Too often these ideals have been lost 
sight of because attention has been focused 
on what seem to be more pressing prob- 
lems involving the welfare of the members. 
It is my belief that such matters as medical 
ethics, medical economics, or medical poli- 
tics have no place in a purely scientific or- 
ganization. Let us then resolve to abstain 


from the discussion of all such irrelevant 
questions and direct our energy toward de 
veloping better surgeons and thereby to 
improve the practice and knowledge of sur 
gery. If this goal can be achieved, problems 
of ethics and policy will solve themselves.” 

The second president, Dr. Grover C. Pen 
berthy (Fig. 2), on assuming the chair 
pointed out, “A new = surgical association 


The 


sors... have given this organization a great 


has been born and _ christened. spon 
deal of thought.... This is an opportunity 
not for the individual who has arrived as a 
surgeon... but an opportunity for the in- 

F 


and still has the interest to go 


dividual who has had the opportunity « 


training... 
forward to lead us into the field where we 
can feel secure and know that Surgery is 
being practiced as we who are trained know 
that it should be practiced....The pattern 
has been set for this Society and the ideals 
are high, it rests with the young men to 
carry through.” 

It is significant that the third president 
came from our neighboring province to the 
north, Dr. Roscoe R. Graham, of Toronto 
(Fig. 3). This early association between 
the United States and Canada has been one 
of the 


potent factors which has made this 


organization strong. Irom the beginning 
this relationship has been an intimate and a 
cordial one. Dr. Graham in assuming the 
chair referred to this: “It, is with a very 
definite consciousness that you are paying 


tribute not to the individual but to Cana- 


dian surgery and to our school that I thank 








this honor. ... The 


which we are scattered in Canada are so 


you for spaces over 
vast, the numbers are so small, that the gen- 
erous gesture which you have made to us 
in including us in your national organiza- 
tion and giving us all the opportunity to 
profit by your presentation we appreciate 
more than you know.... While I would be 
less than human were I not greatly flattered 
as an individual by your gesture of kind 
ness, I am proud to represent Canadian 
surgery and the University of Toronto and 
to them I will bring your greetings and I 
give you their thanks.” (It is of historic 
interest that the representation from To 
ronto at this meeting was smaller than ex 
pected, because several who had planned 
to attend the 
funeral of the late Sir Frederick J. Bant- 
ing. ) 


to attend remained at home 


Dr. George M. Curtis (Tig. 4), secretary 
through the early years of the society, was 
indefatigable in his efforts in its behalf. The 
archives of the society, which it has been 
my pleasant privilege to review in preparing 
this address, are filled with letters, corres 
pondence, and notes from and to George 
Curtis, who must always be considered one 
of the true fathers of this organization. 
The accurate records of its early days and 
the wise counsel which he frequently con 
tributed to the debates and discussions in- 
dicate his sincere and effective interest in 
the ideals of the Central Surgical Associa 
tion. 

World War II brought an abrupt inter- 
ruption in the activities of the new Associa- 
tion. A_ letter 
secretary, dated Oct. 19, 1942, reported that 


from George Curtis, the 
a card vote of the entire founders group 
resulted in an overwhelmingly “No” vote 
on the advisability of a February, 1943, 
meeting. This took place at a time when 
all of the associations were questioning the 
advisability of meetings, and the Central, 
being a young men’s organization, was even 
more involved than most by the entry of so 
many of its members into active military 
service. The need to cut down the demands 
for transportation, housing, ete., resulted 
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eventually in a cancellation of not only the 
1943, but also the 1944 and 1945 meetings. 
The officers of the Association, duly mind- 
ful of the need for keeping alive the nucleus 
of this important enterprise, kept in touch 
with each other and quietly planned for a 
resumption of activities at such time as the 
The 


armistice, first with Germany and then with 


international situation would permit. 


Japan, and the termination of hostilities in 
1945 made possible plans for resumption 
of the 
growth of the society. 


meetings and continuing active 

The first postwar assembly was held at 
the Drake Hotel, in Chicago, the formal 
presentations on Feb. 22 and 23, 1946, be 
ing preceded by the invitational clinic pro 
grams held at the University of Chicago in 
the morning and at Northwestern Univer 
sity in the afternoon. The warm hospitality 
and efficient arrangements of the Chicago 
members, together with the excellent facili 
ties of that city, have combined to keep the 
majority of the sessions there, despite re- 
peated plans to alternate years with other 
cities. Since the war there have been six 
meetings in Chicago, and one each in Cleve- 
land, Toronto, and Detroit. All have been 
The 


local invitational clinics preceding the formal 


well attended and highly successful. 


programs have always been very popular, 
and the plan has been continued with but 
minor changes. 


On two different occasions symposia 


were presented by invited speakers, and 
though they were well received, the program 
committee has always returned to the pat- 
tern of a series of 10-minute scientific 
papers, with the time limitation strictly ad 
hered to.} Fortunately, each year has pro 
duced a large number of acceptable papers, 
which has made the problem of the program 

+ Since delivery of this address, it has been 
called to my attention that the Central Surgical 
Association was really a pioneer with respect 
to the brief presentation of the material, the 
details being reserved for later publication. This 
plan proved so successful that a similar policy 
has since been adopted by other surgical as 


sociations. 
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committee one of selection rather than one 
of obtaining suitable material. The more 
than 90 abstracts submitted for 35 places 
available this year 
terest which augurs well for the quality of 
future programs. 

of the minutes of the council 
meetings, a tedious and yet a fascinating 


Perusal 


experience, reveals many of the problems 
which faced The 
geographic distribution of the membership 


have this Association. 
has been debated at nearly every council 
meeting, and on at least two occasions sub- 
committees have been appointed to consider 
the problem. Originally there was a pre- 
ponderance of membership in the states of 
Michigan, Illinois, and Ohio. This might 
have been expected because of the medical 
centers located in these states, and because 
these were the homes of many who were 
active in the establishment of the organiza- 
tion. Subsequent years have seen an exten- 
sion into neighboring states, to the point 
where the only question which remains is 
whether the Association is perhaps extend- 
ing itself somewhat beyond its normal 
boundaries. The council and committees that 
have considered this matter have always 
decided that it would be unwise to set any 
strict geographical limits, feeling that it 
would be preferable to let areas of interest 
and availability of candidates be the decid- 
ing factors. 

The active membership has been increased 
from the original 100 to 125, and then to 
the present limit of 150. The senior mem- 
bership age was reduced from 55 to 50, in 
1949, to 


younger men, who have always been re- 


provide more places for the 
garded as the backbone of the society. Re- 
cent years have seen a growing reluctance 
on the part of the council to select men near 
or past the senior membership age, with an 
increasing tendency to concentrate on the 
younger persons for whom the society was 
originally established. The quality and ac- 
tive participation of our present membership 
attesis to the wisdom of this view. 

to time considerable debate 


from. time 


indicate a continuing in- | 
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OBLIGATIONS OF ACHIEVEMENT 
has arisen as to whether more attention 
should be given to the selection of members 
from areas away from the large centers. 
Each year an attempt has been made to in- 
clude persons from these smaller communi- 
ties, and there can be no doubt that such 
men are stimulated and their ideals sus- 
tained by such support from the society. 
On the other hand, it is perfectly obvious 
that the opportunities for producing scien- 
tific papers, be they clinical or based upon 
fundamental research, are far greater in 
the larger centers, and particularly in those 
with university and medical school associa- 
tions. Since the very life of the society de 
pends upon a continuing supply of suitable 
papers, it is inevitable that the membership 
must continue to be preponderantly chosen 
from the centers where such opportunities 
exist, though the smaller communities 
should not be neglected. 

ach year has seen the number of guests 
increasing to a point where attendance by 
guests now usually exceeds that by mem 
In 1941, there were 80 members and 


31 guests ; 


bers. 
in 1955, there were 189 members 
and 244 guests. Mindful of the value which 
guests receive from the meetings and of the 
tribute which their attendance pays to the 
association and to the excellence of its pro 
grams, the council has always felt that no 
attempt should be made to limit their num 
bers. 

Publication of the papers and proceedings 
of the meetings has been a recurrent prob 
The [ 


papers was published in brief form in the 


lem to the council. first group of 
Annals of Surgery, and was welcomed by 


that journal. However, this abstract form 
was too brief and sometimes blocked pub 
lication of the complete paper elsewhere. 
Papers from the second and third annual 


sessions were published in Surgery, some 


of them in complete form, the remainder 


in abstract. 


The 


published the papers from the fourth and 


ARCHIVES OF SURGERY 
all subsequent meetings. An arrangement 
has finally evolved whereby this journal as 


sumes responsibility for 


papers in groups, within a few months after 


publishing the 


The Association now has a 
representative on the Board of the A. M. A. 
ARCHIVES OF SURGERY, and the annual dues 
include a _ subscription to that journal. 
Though many have felt that a published 


each meeting. 


volume of transactions would be desirable, 
the cost has always deterred the council, 
and none was ever published. 

This concludes a brief review of an en- 
viable record of achievement by the Central 
Surgical Association, still one of the young- 
est but already one of the strongest and 
most active of the regional surgical societies. 
The organization is now in a most healthy 
state, firmly established and well-recognized. 
Mindful of the benefits which its success 
has assured us, what must be our obligation 
as to its future? 

The emphasis upon youth must surely be 
continued if the excellence of the programs 
and what has been referred to as the virility 
of its proceedings are to be continued. With 
the number of organizations open to estab- 
lished surgeons and with our free policy 
with respect to guest attendance, there would 
appear to be little or no reason for electing 
older men who are either within or ap- 
Much 


strength has been contributed to our pro 


proaching the senior age group. 
grams by the large number of papers given 
“by invitation.” This policy, which con 
trasts with that of many societies, should be 
continued and perhaps even increased, for 
participation of 


it results in a_ greater 


young men and thus often reveals rich 
sources for additional strength of member 
ship. 

The geographical boundaries have never 
been clearly established, and this appears to 
be well. A few spots within our normal 
sphere of activity have been relatively neg- 
lected, and these offer possibilities for 
growth, which might well be cultivated. The 
Association, however, should never be in 
the position of competing with other re- 
Dupli 


too prevalent 


gional societies within their areas. 


cation of effort is already 
among medical societies. 
The central location of Chicago has made 
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it perhaps too often the meeting place. Con- 
sideration should be given to a plan of more 
frequent visits to other areas, particularly 
those with medical school associations, cer- 
tainly every other year and perhaps two 
out of three years. The impositions which 
our meetings place upon our always cordial 
and efficient Chicago hosts should not be 
allowed to occur too frequently. Further, 
the stimulus offered by visits to new and 
perhaps unfamiliar centers within our area 
will enhance our enjoyment of the meetings 
and further strengthen the standing of the 
Association. 

An interesting addition to our programs 
might be the utilization of some of our not 
too limited funds for an annual lectureship. 
The 


contribution to surgery in its area by in- 


Association could make a substantial 


viting an eminent surgeon from another 
country each year to be a visiting professor 
for a week at a medical school in the host 
city and to give an address before the formal 
meeting of the Association. American sur- 


gery and our Association alike would bene- 





A. M. A. ARCHIVES OF SURGERY 


fit by ties so established with colleagues 
from other lands, 

Finally, our greatest obligation must be 
to remain steadfast in following the course 
already so well set by those who guided 
this organization during its formative years. 
Your council, by a very real sort of team- 
play, has wisely guided the destinies of this 
Association from its inception to its present 
position of strength. ] am honored that you 
have allowed me to have some small part 
in these deliberations, as council member 
and as President, for I have never failed 
the 
and seriousness of purpose which are every- 


to be impressed by conscientiousness 
where apparent in its proceedings. Though 
the 
vear by year, the spirit of the founders 


membership of the council changes, 
continues to pervade its every thought and 
action. Knowing this, we may rest secure 
in our confidence that the record of achieve- 
ment will be equaled and even surpassed in 
the future course of the Central Surgical 
Association. 


323 FE. Chestnut St., Louisville (2). 
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Alimentary ract Duplications 


W. K. SIEBER, M.D., Pittsburgh 


Duplications of the alimentary tract may 
be defined as those cystic and tubular struc- 
tures found in relation to normal bowel 
whose walls resemble intestine and consist 
of smooth muscle with alimentary tract 
mucosa. Synonyms for duplication include 


enterocystoma, enterogenous cyst, enteric 
cyst, giant diverticulum, ileum duplex, gas 
troenteric cyst, gastrogenous cyst, and re 
duplication of the intestine. “Atypical” and 
“ectopic” Meckel’s diverticula are usually 
duplications. Single reports and reports of 
small numbers of cases in the literature sug- 
gest that duplications occur infrequently. 
This report concerns 25 cases in which one 
or more alimentary tract duplications were 
present. 


There were 12 


were Negro and 22 were white. 
male and 13 female patients. 


Duplications were discovered or confirmed at 


surgery in 19 cases. 

Duplications were discovered at necropsy in 
six patients. In three instances (Table 1) it was 
small and had been asymptomatic. In the remain- 
ing three patients of this group, the unrecognized 
duplication was directly responsible for death. In 
one child, a 3 cm. cystic duplication situated be- 
tween the membranous trachea and the esophagus 
at the level of the thoracic inlet caused choking 
spells, aspiration pneumonia, and death by respira- 


? In the 


tory tract obstruction at 2 months of age. 
second patient, a gastric duplication became in- 
fected and ruptured, resulting in fatal peritonitis. 
In the third child, duplication of the colon, ap- 
pendix, and terminal ileum produced unrelieved 


intestinal obstruction 


Embryology 


Moore and Battersby! recognize _ five 


Summary of Findings in Three Asymptomatic Alimentary Tract 


Duplications Discovered at Autopsy 


TABLE 1, 
| No. Age Size 
] 3 days 3 cm. long 
2 | 315 mo. lem. dia. 
3 7 mo. lem. dia. 
1 em. dia. 
Material 


\ total of 25 patients with alimentary tract 
duplications were seen at the Children’s Hospital, 
of Pittsburgh, from 1934 to 1955. Of these, 3 

Submitted for publication April 3, 1956. 

Read at the Thirteenth Annual Meeting of the 
Central Surgical Minn., 
Feb, 24, 1956. 


From the surgical 


Association, Rochester, 
service ®f the Children’s 
Hospital of Pittsburgh and the Department of 
Surgery, School o 
Medicine. 


University of Pittsburgh 


Associated 


Location Pathology 


Appendix Congenital heart disease 


Neum Congenital heart disease; 
Meckel's diverticulum 


Stomach Congenital heart disease; broncho- 
Colon pneumonia 


groups of duplications: intramural cysts, 
spherical duplications, tubular duplications, 
abdominothoracic duplications, and mesen- 
with the wall histologically 


teric cysts 


resembling intestine. The duplications re- 
ported in this paper were all spherical or 
tubular. 

The origin of duplications remains ob- 
scure. At least two major theories are sug- 
gested. Simple cysts may be derived from 


diverticula. Lewis and 


embryological 
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Thyng ? described diverticula as a constant 
feature of embryologic development toward 
the end of the second month in the pig 
embryo. Bremer* suggested that duplica 
tions are the result of errors of recanaliza- 
tion. The stomach does not go through a 
period of occlusion and recanalization of its 
lumen. Bremer suggests adherence of longi 
tudinal folds as a possible cause of gastric 
duplications. Moore suggests that gastric 
mucosa can be aberrant in the same fashion 
as pancreatic tissue. These theories do not 
explain the presence of gastric mucosa in 
or the occurrence of intrathoracic duplica 
tions. McLetchie* advances a theory that 
may explain these unusual duplications. He 
suggests that adhesions of the entoderm to 
the neuroectoderm produce gastric mucosa 
within the thorax. Intrathoracic duplications 
are located in the posterior mediastinum and 
with vertebral ano 


are often associated 


malies. Hemivertebrae were present in 
three of the five instances of thoracic dupli 


cation discussed in this paper. 


Clinical Manifestations 


The size and location of the duplication 


determined clinical signs and symptoms. 


Four intrathoracic duplications caused 


recurrent pneumonia. Vomiting and dys 
phagia were present in one child, Inadequate 
weight gain, anorexia, and unexplained 


fever occurred in three cases. In four pa 
tients, roentgen examination of the chest 
suggested the proper diagnosis. The smooth, 
rounded posterior mediastinal shadow of 
water density usually extending into the 
right hemithorax was characteristic in chil 
dren. 

Abdominal duplications caused intestinal 
obstruction, bleeding, or both. A single mas 
sive rectal hemorrhage was the only symp 
tom in one child with duplication of the 


Melena 
cases, but was not the presenting symptom. 


jejunum. occurred in six other 
Bleeding or melena may occur from aberrant 
gastric mucosa, from pressure of a spheri 
cal mass, or from secondary intussusception. 

lourteen patients presented with intes 
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tinal obstruction. Impingement from with- 


out by the cyst on the intestinal lumen 
caused obstruction in nine; obstruction was 
present at birth in two of these cases. In- 
tussusception with the duplication as a lead 
point caused obstruction in three children. 
Multiple duplications of the ileum were re- 
sponsible for volvulus and obstruction in 
one child. In one newborn infant, complete 
intestinal obstruction was due to _ ileal 
atresia. A large ileal duplication distal to 
the atresia was an incidental finding at op 
eration. 

The duplication was palpable in 10 pa 
tients. In one, an abdominal mass _ rapidly 
increasing in size was the only symptom. 

Roentgen examination was of limited 
value in identifying abdominal duplications. 
In three instances, a mass of water density 
displaced the abdominal viscera. The roent 
gen study did disclose the presence of 
intestinal obstruction and helped identify 
its site. The combination of a palpable mass 
with intestinal obstruction makes preopera 
tive recognition possible. The preoperative 
diagnosis of abdominal intestinal duplica 
tion was correctly made in six patients in 


this series. 


Pathology 


Duplications occurred singly within the 
thorax in five patients. A total of 28 duph 
cations in 20 patients were within the ab 
domen. 

l‘our of the five intrathoracic duplications 
originated from the posterior mediastinum 
and extended into the right hemithorax. All 
five were intimately related to the esopha 
gus. All were cystic and spherical. Clear, 
thin, yellow fluid filled three of the cysts ; in 
two, the fluid was thick and chocolate-like 
with the lining mucosa ragged and ulcer 
ated. Rapid contraction of the cyst occurred 
after aspiration of its contents in each in 
stance. There were extensive fibrosis, ne 


crosis, and calcification in one cyst wall. 


The cyst walls varied in thickness from 3 
to 8 mm. Lining mucosa was squamous 


epithelium in one, columnar in another, 
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ALIMENTARY TRACT DUPLICATIONS 


cuboidal in a third, and gastric in two. 
l‘our abdominal duplications were tubular, 
and three communicated at one end with the 
normal intestinal lumen. One tubular du 
plication extending along the base of the 
mesentery from the greater curvature of 
the stomach to the ileocecal area did not 
intestinal lumen. 


communicate with the 


Twenty-four were spherical, cystic, and 
without communication with the adjacent 
bowel. 

Of the abdominal duplications, 5 were at- 
tached to the stomach along its greater 
curvature, 19 to the small intestine sharing 
a common mesenteric blood supply, and 1 
to the colon. Of the remaining two, one lay 
along the base of the small bowel mesentery 
and the other was retroperitoneal. 

Mucous membrane lined the interior of 
Necrosis of the 
Well 


differentiated serosa, muscularis, and = sub- 


all abdominal duplications. 


epithelial lining was present in one. 


mucosa comprised the rest of the wall. The 
lining mucosa was usually identical with that 
of the adjacent viscus. Gastric mucosa was 
found in the tubular jejunal duplication, 
combinations of colonic and ileal mucosa 
in three Meal-cecal duplications, and colonic 
epithelium in the retroperitoneal duplica 
fluid of 
varying consistency. In two instances, thick 


tion. The eysts contained clear 
chocolate-colored fluid was present. 

Multiple duplications were present in four 
patients (see Tables 1 and 3). One patient 
had five separate duplications; a second 
child had three. Two children each had two 
separate duplications. 

Associated anomalies 


congenital were 


present in nine patients. These anomalies 
included congenital heart disease, hemiverte 


Meckel’s di 


verticulum, ileal atresia, skeletal anomalies, 


brae, intestinal malrotation, 


and dk yuble bladder. 


Treatment 


rhe treatment of duplications is surgical ; 
excision is carried out where possible. Nine 


teen patients were treated surgically. 


\n intrathoracic duplication was removed 


These duplications were 


in four patients. 


located close to, but did not communicate 
with and were not intimately attached to, the 
esophagus. Dissection was tedious. The fluid 
was aspirated to reduce the size and allow 
manipulation in one large duplication. All 
four of these patients are living and well. 
The postoperative course was stormy in two 
children who were in poor preoperative 
condition. 

lifteen patients with abdominal duplica- 
tions were operated upon and the lesion ex 
cised, with one death. Follow-up in this 
group extends from 5 months to 10 years. 
The mortality occurred in a 3-month-old in 
fant five days following reduction of an 
ileoileal intussusception and resection of an 
ileal duplication in 1934. Resection of ad- 
jacent intestine was necessary in removing 
abdominal duplications located near the in- 
testine. Two duplications, however, were 
located in such a way that they could be 
without surrounding 


removed disturbing 


viscera. 
Report of Cases 


The following case reports are typical of 
the clinical problems presented by patients 
with duplications. 

Case 1.—A 


mitted because of failure to gain weight, constant 


$-month-old white boy was ad 
dyspnea with repeated respiratory infections, and 
anorexia. The infant was one of twins, the fe- 
male sibling being well. On physical examination, 
there was marked pectus excavatum, respiratory 
rate constantly in excess of 60 a minute, and 
temperature elevation to 101 F daily. The abdo 
men was prominent, and there was marked tho 
racic scoliosis. Roentgen examination of the chest 
showed thoracic hemivertebrae, scoliosis, and a 
large, smooth rounded shadow of water density 
in the right hemithorax. The shadow arose from 
the posterior mediastinum (Fig. 1). After waiting 
two months for the intani’s generai condition to 
improve, the child was operated upon. On Nov 
23, 1953, a right thoracotomy was performed. A 
dense, white, thick-walled mass arising from the 


posterior mediastinum filled the right lower hemi 


thorax compressing the right lung into the right 
upper chest. The mass was made smaller by 
aspirating 200 cc. of thin yellow fluid. The cyst 
was then easily removed. The postoperative course 


was uneventful. Symptomatic improvement was 
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ALIMENTARY TRACT DUPLICATIONS 





Fig. 1 (Case 1).—Roentgenogram of the chest 
There are scoliosis and thoracic hemivertebrae. A 
smooth rounded shadow of water density fills the 


inferior half of the right hemithorax 
immediate. This child has been well for the two 
years he has been followed. 
The cyst measured 4 cm. in diameter (Fig. 2). 
Its wall was lined with gastric mucosa. 
Comment.—This patient was observed for 


two months and through two hospital ad 
missions. His clinical condition did not 1m- 
prove until the cyst was removed. Prompt 
removal of an intrathoracic duplication is 
indicated 


even when mechanical displace 






viscera does not appear to causé 


ment of 


symptoms. Many thoracic duplications con- 
tain gastric mucosa, and the mucosal ulcera- 
for such 


tion later 


serious complications as perforation. Ab- 


may be responsible 
sorption from an ulcerated surface may be 
sufficient to cause constitutional symptoms. 

Case 2.—A 


mitted to the hospital because of massive rectal 


5-month-old white infant was ad- 


hemorrhage one week prior to admission. Trans- 
500 ce. of blood 
to restore the hemoglobin from 3 gm. to 8 gm. 
100 ce. 
At operation, Noy. 15, 1953, a 20 em. long tubular 


whole 


fusion o was necessary 


per The infant continued to have melena. 
duplication was found on the mesenteric side of 


the distal jejunum (Fig. 3). The structure com- 


with 


municated the jejunum distally. Resection 


a eee 









Fig. 3 (Case 2). 
tion lies within the mesentery of normal intestine, 


Gross specimen. The duplica- 


sharing its blood supply. Resection of adjacent 
intestine was necessary. The communication with 
normal intestine is distal. Gastric mucosa lined 
the duplication. 


Fig. 2 (Case 1).—Gross 


specimen. The cyst meas- 
ured 4 


cm. in diameter, 











and its wall, 8 mm. in 








thickness The lining 












gastric mucosa shows 


extensive ulceration 








of the adjacent jejunum with the duplication was 
necessary. The infant’s postoperative course was 
uneventful, and this child is completely well three 


years postoperatively 





Fig. 4 (Case 3). 
There are roentgen signs of intestinal obstruction. 
The arrow is directed at the site of impingement 
of the duplication on adjacent bowel 
was palpable 


Roentgenogram of abdomen. 


This mass 


Comment.—Vhe management of massive 
intestinal hemorrhage in infants and_ chil 
dren has been a_ controversial problem. 
Should such patients have an exploratory 


laparotomy during that hospital admission 


A. M. A. ARCHIVES Ol 


SURGERS 


or should one wait for the second episode 
of bleeding? Continuing melena after an 
initial massive hemorrhage is clearly an 
indication for exploration as in this patient. 
Massive intestinal hemorrhage may be the 
only sign of the presence of an abdominal 
duplication. 

Case 3.—A 7-day-old white boy was admitted 
to the hospital Oct. 12, 1953, because of persistent 


bilious vomiting with progressive abdominal dis- 


, 



















Fig. 6 (Case 3).—Roentgenogram of abdomen 
shows free air and fluid within the peritoneal 
cavity, following rupture of intestine proximal to 
the anastomosis. 


Fig. 5 (Case 3).—Gross 
specimen, The tense, thin 
walled cyst had com 
pressed the lumen of the 
ileum. A wooden probe 
placed within it demon 
strates this lumen. The 
vertically placed smaller 
demonstrates — the 
dilated 


probe 
lumen of the 


proximal ileum. 
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ALIMENTARY TRACT DUPLICATIONS 





tention since 2 days of age. The infant had passed 
transition maroon-colored stools. The temperature 
was 105 F, the abdomen greatly distended, and an 
ege-sized right lower quadrant abdominal mass 
was palpable (Fig. 4). There was dark blood in 
the rectum. Following preoperative preparation 
the baby was operated upon. An ileal duplication, 
3 cm. in diameter, was resected (Fig. 5), and an 
end-to-end ileoileostomy was done 3 cm. proximal 
to the ileocecal valve. Suturing repaired serosal 
tears in the proximal dilated intestine. The post- 
operative course was uneventful until the seventh 
postoperative day, when sudden abdominal disten 
tion occurred. Roentgenograms showed pneu 
moperitoneum (Fig. 6). The infant was operated 
upon; complete separation of a loop of jejunum 
with generalized peritonitis was found. Intestinal 


continuity was restored by end-to-end jejunal 


anastomosis. The terminal ileum proximal to the 
previous anastomosis was then anastomosed to the 
cecum in side-to-side fashion. The infant made 
an uneventful recovery and was discharged after 
three weeks of total hospitalization. This child 
is developing normally and was physically and 
mentally well two years later 

Comment.—In this patient, diagnosis was 
delayed by the partial nature of the intesti 
nal obstruction. Two matters of surgical 


technique deserve comment. Prolonged 


distention of this infant’s intestine had 
caused serosal tears, complicating the first 
operation. It was necessary to reinforce the 
intestinal wall at these siies. The second 
comment concerns the advisability of ileoco 
lostomy rather than ileoileostomy in surgical 
relief of obstructing lesions near the termi 
Lleocolos 


nal ileum in newborn infants. 


tomy provides more rapid and_ safer 


decompression. This procedure has been 
recommended and the details described by 
Benson.® 


Case 4.—A 21-month-old boy was admitted to 
the hospital on Aug. 16, 1953, because of cramping 
abdominal pain and bloody diarrhea of six hours’ 
luration. A large tender mass was palpable in 
the right upper quadrant of the abdomen. A 
diagnosis of ileocolic intussusception was made. Re- 
duction was easily effected by hydrostatic pres 
sure (Fig. 7). Following the reduction, however, 
a nontender abdominal mass persisted in the right 
lower quadrant. The roentgenologist demonstrate: 
a persistent, nonobstructing mass in the area of 
the terminal ileum (Fig. 8)., The patient was, 
however, completely relieved of symptoms. Twelve 
hours following reduction, a laparotomy was per- 


formed and a 5 ecm. in diameter ileocecal duplica- 





Fig. 7 (Case 4)—Roentgenogram of abdomen 
The filling defect characteristic of intussusception 
and the dilated proximal small intestine are shown. 





Fig. 8 (Case 4).—Roentgenogram of abdomen. 
The rounded shadow of water density is well 
visualized displacing surrounding loops of barium- 


filled intestine. There is no evidence of obstruc- 


tion and the intussusception has been completely 
reduced. 
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tion was removed (Fig. 9). Convalescence was un- 
eventful. This patient has developed normally and 
was in excellent health two and one-half years 
later. 


Comment.—Hydrostatic pressure was 


used to reduce the intussusception. In the 
present wave of enthusiasm for hydrostatic 
pressure reduction of intussusception, the 
possibility of a lead point being present 
should not be forgotten. This lesion was 
recognized by a radiologist experienced in 
this procedure and alert to the limitations 
of the method. 

The 12-hour delay in resection of the 
duplication was due to the parents’ initial 
refusal to permit operation. 


Summary and Conclusions 

Twenty-five patients with alimentary tract 
duplications are reported; in six the dupli- 
cations were found at autopsy and in nine- 
teen at surgery. 

l‘our duplications within the thorax pro- 
duced pneumonia, poor weight gain, and 
anorexia. 

lifteen abdominal duplications caused in 
testinal obstruction, bleeding, or both. 

The origin of duplications is uncertain. 

Treatment of this condition is surgical. 
Kkighteen of nineteen patients operated on 
are alive and well today. 


. 4. ARCHIVES OF 


Fig. 9 (Case +).—Gross 
specimen. The ileoceca! 
region is distorted by a 
nonobstructing intramural 


cyst. 


These patients were operated upon by the mem- 


bers of the surgical staff of the Children’s Hos- 
pital, of Pittsburgh. Drs. D. Clare, G. V. Foster, 
I. M. Kent, W. B. Kiesewetter, E. S. A. King, 
J. J. McAleese, and T. N. Merideth granted per 


mission to include their cases in this review. 
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“ie Surgical Complications of Whckel / 
a in Y, ants a Cit. 


An Analysis of Sixty Cases 


CLIFFORD D. BENSON, M.D. 
and 
LAURENCE M. LINKNER, M.D., Detroit 


A Meckel’s diverticulum or remnant of 
the vitelline duct is said to be present in 
about 2% of all postmortem examinations.* 
Although many persons live their normal 
span of life asymptomatically despite this 
anomaly, we have been impressed that its 
presence may be made known dramatically 
by its initiating serious surgical complica 
tions in the pediatric age group. In this 
report we have reviewed the records of 60 
patients in the pediatric age group who 
demonstrated surgical complications of this 
None of the 


Meckel’s diverticulum was discovered as an 


lesion. patients whose 
incidental finding at laparotomy for other 
lesions * are included in this paper. 


Age Incidence 
The ages covered range from 1 day to 
or 45%, 


of the patients were in the newborn or in 


14 years, and it is noted that 27, 


fant group, and 45, or 75%, of the patients 
were 5 years or younger (Fig. 1). Further 
analysis reveals that the largest single age 
group represented was from one day to 
one year of age, or 32% of the total series 
of 60 patients. 
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Fig. 1—Graph showing incidence of surgical 


complications in the various age groups 


TABLE 1.—Age Incidence 
\ges Covered 0 to 14 Yr 


Age No. of Patients 
0- 4 mo. % 
5- 8 mo 7 oo” 
nis ain 4? 27 (Infant group 
13-24 mo ] 
2 yr o 
1 
4 yr. o = 
& YF. 7 
6 yI l 
7 yr. 0 
S YF. l 
9 yr. 3 
10 yt 2> 1s 
ll yr 4 
12 yr. 0 
3 oy? 1 
14 oy 3 
rotal 50 


Complications Demanding Surgery 
Intestinal 


commonest indication demanding surgical in- 
tervention. A total of 24 patients, or 40% 


Hemorrhage.—This was the 
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TABLE 2.—I/ndications for Surgery 


No. of 


Complications Patients 


1 | Hemorrhage 24 
Moderate to severe | 20 
Mild | 4 
| | 
2 Pain, simulating appendicitis 15 
= I- 
3 | Intestinal obstructicn | 14 
Intussusception (inversion of | 9 
Meckel’s into lumen of | 
bowel) 
| 
Bands and torsion | 5 
* . M 7 a “ 
| 
4 Umbilical discharge | 4 
| ; ; | 
5 Perforated Meckel’s with peri- | 3 
tonitis 
Total 60 
of all our patients, had this complication, 


and 14 patients of this group were one year 
of age or younger. The degree of blood loss 


was classified as moderate to severe in 20, 


and mild or recurrent in 4. 


Of the 24 patients who had _ intestinal 


hemorrhage, 23, 


cosa in the 


cases the ectopic mucosa was gastric, except 


in two instances where there was an asso 
TABLE 3.—Indications for Surgery in the 
Infant Group 


Age 0-24 Months—27 Patients 


No. of 


Complications Patients 


Hemorrhage 14 (52%) 


Obstruction 


Intussusception 5 
Bands, torsion 4 
Fistula | 3 
Perforation 1 


ciated area of pancreatic tissue. These data 
support the opinion, expressed by Berman, 
Potts,” that “if 


microscopic sections are studied, resected 


Schneider, and numerous 


diverticula that have bled will show gastric 
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or 96%, had ectopic mu- 
Meckel’s diverticulum. In all 
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mucosa in nearly 100% of cases.” It is of 
interest to note that in one patient duodenal 
mucosa was found in an inflamed divertic- 
ulum, but this patient did not have hemor- 
rhage. 

Abdominal Pain.—There were 15 patients 
in this group, or 25% of the series. In all 
15 patients the preoperative diagnosis was 
acute appendicitis. must be 
noted that the location of pain was variable, 


However, it 


periumbilical, right lower quadrant, and oc- 
casionally left lower quadrant. In all cases, 
the microscopic findings were those of an 
acute diverticulitis. In all patients, the pre- 
senting symptoms of pain were eliminated 
by the surgical removal of the inflamed 
Meckel’s diverticulum. 





Fig. 2. 


of the terminal ileum and jejunum 


Scout film showing marked obstruction 


Intestinal Obstruction.—Acute intestinal 
obstruction occurred in 14 patients, or 23%. 
In nine, the acute obstruction was the result 
of the inversion of the Meckel’s diverticu 
lum into the lumen of the ileum (Tigs. 2, 
3, and 4), 

The other 


four patients was the result of a volvulus 


intestinal obstruction in the 
of the closed loop-type or a strangulation of 
a loop of bowel around the fibrous cord-like 
remnant of the This 


vitelline duct. cord- 
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Fig 3. Resected spec- 
imen of irreducible ileo- 
ileal intussusception due 
to an inverted Meckel’s 


diverticulun 
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Fig. 4. 


imen with arrow pointing 


Opened spec 


to gangrenous Meckel’s 
diverticulum with thick 


ened base 


like structure was found attached to the 
anterior abdominal wall, a segment of bowel, 
or the parietal peritoneum. In this series 
of acute intestinal obstruction, nine patients 
were 1 year of age or younger, four were 
between 2 and 5 years of age, and a single 
patient with obstruction was 13 years old. 
This emphasizes that invariably acute in 
testinal obstruction secondary to a Meckel’s 
diverticulum, or its remnant, is most fre 
quently a complication in infancy and_ the 
early childhood period, 
Perforation and Peritonitis—Three pa 
tients, or 5%, are included in this group, 


the 


age being 5 days, 3 years, and 5 years, 





respectively. Perforation of a Meckel’s di- 


verticulum represents a grave surgical 
complication. The location of a Meckel’s 
diverticulum lying free in the peritoneal 


cavity hinders the natural body defenses in 


TABLE 4.—Ectopic Mucosa in Meckel’s 
Diverticulum 
Tissue No. of Patients 
Gastric 25 (Hemorrhage, 21) 


Gastric+pancreatie 4 (Hemorrhage, 2) 


Pancreatic l 
Duodenal l 
Total 31 (52%) 











walling off such a lesion. In addition, the 
fluid consistency and high digestive quality 
of the ileal contents produce a severe peri- 
tonitis.® 
Fistula.- 
patients, the presenting symptom was drain- 


In the remaining group of four 


age of a serous to brown or hemorrhagic 
fluid from the umbilicus. Drainage usually 
began after birth with the spontaneous 
separation of the umbilical stump and per 
sisted until the time of surgery. 


CABLE 5.—Presenting Symptom as Related to Age 


| Age, | 
Symptom in Y? No. of Patients 
Hemorrhage 0- 1 14 
2-5 5 
6-1 $ 
11-14 2 
24 (40%) 
| 
Pain 
0- 1 0 
2-5 6 
6-10 4 
11-14 ) 
15 (25%) 
Obstruction 
0- 1 y 
2- 5 4 
6-10 0 
11-14 1 
14 (23% 
Perforation, 
peritonitis 
0- 1 l 
—" 2 
3 5% 
Fistula 
0- 1 3 
2-5 1 
i 7% 


excision of the patent vitelline duct 
brought prompt remission of drainage and 


primary healing. 


Surgical Management 


In the surgical management of patients 
in the pediatric age group, who develop 
these serious complications of Meckel’s di 
verticulum, it is highly essential that the 
needs of the patient as to fluid and blood 
replacement be individualized in the pre 


operative, operative, and postoperative pe 
| I 
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riod to minimize morbidity and mortality. 

In those patients whose presenting symp- 
tom is hemorrhage of moderate to severe 
degree with occasional hemorrhagic shock, 
we believe that blood replacement sufficient 
to bring the hemoglobin level to 9 or 10 
gm. preoperatively is mandatory for the 
successful outcome of the contemplated sur- 
gery. We have never regretted taking the 
necessary time (usually 6 to 12 hours) to 
properly prepare these patients for surgery, 
and we do not subscribe to the idea of im- 
mediate surgical intervention. By elevating 
the hemoglobin to a satisfactory level we 
accomplish these things: Tirst, and very 
important, there is sufficient circulating 
hemoglobin to meet the oxygen demands of 
the patient, thereby eliminating anoxemia 
during anesthesia. Second, operative shock, 
especially in those patients needing intesti 
nal resection, is practically — eliminated. 
Third, the patient is converted from a poor 
to a good risk for surgery. In the 24 pa- 
tients in whom hemorrhage was the present 
ing symptom, the above blood replacement 
was carried out and as a result there was no 
mortality. 

In all patients presenting with intestinal 
obstruction, a Levin tube with suction is 
instituted on admission. A number of hours 
are spent in partially correcting their fluid 
and electrolyte imbalance preoperatively in 
order to make them better operative risks. 
Since microchemical evaluation of electro 
lytes is available in our institutions, their 
use not only has served as a guide to pre- 
operative fluid therapy but has been of in 
estimable value in determining the type of 
fluid replacement necessary in the postop 
erative period. In the obstructive group, 
when there is marked distention of the prox 
imal intestinal segment, intestinal decom 
pression by suction at the time of laparotomy 
is essential before proceeding with intestinal 
resection and anastomosis or diverticulec 
tomy. Decompression of the proximal intes- 
tinal segment serves, first, to rid the bowel 
of all fluid and gas and, second, to restore an 
circulation. The 


otherwise compromised 
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decompression also serves to eliminate the 
disparity between two segments of bowel 
when anastomosis proves necessary. In ad- 
dition, adequate decompression not only 
serves to protect the suture line in the post- 
operative period, but allows for easy closure 
of the abdominal incision. 

As to specific surgical procedures carried 
out in these 60 patients, 42, or 70%, had a 
diverticulectomy performed. The remaining 
18, or 30%, the 
diverticulum and a portion of the attached 


needed resection of 


ileum. 
TABLE 6.—Surgical Treatment 
Surgical No. of Type of 
Procedure Patients Anastomosis 
Meckel's diverticu- 12 (70% 


lectomy 


End-to-end 16 


End-to-side 1 
ileocolostomy 


Resection of Meckel’s| Is) (30% 
and attached 
ileum 
Side-to-side 


ileocolostomy 


lotal 60 
The indications for ileal resection were as 
(1) 


closure would compromise the ileal lumen; 


follows: wide base in which simple 
(2) irreducible ileoileal intussusception due 
to inverted Meckel’s diverticulum; (3) vol 
(4) 
marked thickening of base of Meckel’s di 
As to the 


vulus with gangrenous intestine, and 


verticulum due to ectopic tissue. 
type of anastomosis performed after resec 
16 had end-to-end, 1 
side-to-side, and 1 end-to-side ileocolostomy. 
In all of 


anastomosis was performed, with use of 


tion in the 18 cases, 


our cases, an open, two-layer 
fine interrupted sutures. 


Results and Comment 


A total of 60 infants and children with 
Meckel’s 
vitelline duet remnant were operated upon 


mortality rate of 6.7%. 


complications of diverticulum or 


with 4 deaths, « 


Of the four pe cents who died, three were 


newborns, two of whom were premature. 


All had acute intestinal obstruction due to 
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volvulus with gangrenous bowel. The other 


infant who died was a 5-month-old boy 
who was admitted after a three-day period 
of acute intestinal obstruction. At laparot 
extensive small bowel 


omy, gangrenous 


was found, resection was carried out, but 


TABLE 7.—Operative Results 
Recoveries 5H 
Deaths 4 

Total 60 
Mortality .7% 


the patient died the day following surgery. 

It has been stated by Owen and Finney" 
that the surgical treatment of an uncom- 
plicated Meckel’s diverticulum is attended 
with an over-all mortality of 3% to 5%. 
Chaffin,! in 1941, reported from the Chil 
dren’s Hospital of Los Angeles that 7 out of 
19 patients operated upon for complications 
of Meckel’s diverticulum failed to survive, 
a mortality of 37%. 


Gross * reported their 


experience of 76 patients operated upon 
from 1940 to 1950, in which there were 5 
deaths, in contrast to 16 deaths in 73 patients 
operated on up to 1940. Aitken! 


88 cases in infants and children; of these, 


repe rted 


73 had definite lesions involving. vitelline 
duct remnants, while the remaining 15 were 
found as incidental lesions during laparot 
omy. Of the 88 cases, there was an over 
all mortality of 17%. Of the pathological 
cases (73 cases), the mortality rate was 
20.5%. 


the 15 deaths 12 occurred in patients 5 


It was found in their series that of 


years or younger, and 6 of these 12 occurred 
during the first year of life, which empha 
sizes the lethal nature of this lesion in in 


fancy. 
Summary and Conclusions 


The records of 60 infants and children 
who presented surgical complications of a 
Meckel’s diverticulum or vitelline duct rem 
nant are reviewed. 

The 


group in order of their frequency were in 


complications encountered in_ this 


? 
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testinal hemorrhage, abdominal pain, acute 
intestinal obstruction, umbilical fistula, and 
perforation with peritonitis. 

In the pediatric age group and especially 
in the newborn and infant, the judicious 
use of parenteral fluid and blood in the 
management of these complications is man 
datory for a good survival rate. 

In those patients who have had moderate 
to severe intestinal hemorrhage, we believe 
it highly essential to restore the blood vol 
ume to near normal levels before attempting 
surgical intervention. Because we adhered 
to this regimen in our 24 patients who had 
intestinal hemorrhage, all survived. 

rom this study it is apparent that the 
surgical complications of Meckel’s divertic 
ulum or vitelline duct remnant are most 
frequently mechanical obstruction or intesti- 
nal hemorrhage in the first two years of life 
(38 in this series). In contrast, with in 
creasing age above the infant group, in 
testinal hemorrhage and obstruction are less 
frequent, but acute inflammation of the 
Meckel’s diverticulum is more frequent. 

Of the 60 infants and children operated 
upon, there were 4 deaths, or a mortality 
rate of 6.7%. 

Of the four patients who died, all had 
acute intestinal obstruction and gangrenous 
bowel. 

(Of the 18 patients who required intestinal 


resection and anastomosis, 15 survived. 
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Sruvther Sk in Sn tussusception in Snfants 


A Report of Fifty-Eight Cases Treated From 1946-1955 


JOHN B. CONDON, M.D. 
and 
HARRY A. OBERHELMAN, M.D., Chicago 


In 1947 we reported a consecutive series 
of 99 intussusception cases in infants and 
children from the Cook County Children’s 
Hospital, covering a 21-year-period from 
1925 to 1946. There was an over-all mor 
tality of 19.10. In the last 45 cases of this 
series, between 1941 and 1946, the mortality 
was 6.6¢¢. Since this time another 10 years 
of experience with this disease has accumu 
lated 
period 58 additional cases of intussusception 


in this institution, and during this 


have been encountered and treated. There 
were no mortalities among these patients. 
Two infants were admitted in extremis and 
died before treatment could be undertaken. 
These 


present 


cases are excluded from our 


(Table 1). 


two 


series 


Intussusception in Infants and Adults, 
wok County Children’s Hospital 


TABLI 


Year Causes Mortality 
925-1931 13 53.8% 
1932-1938 Is 16.6% 
939-1945 6s 13.2% 

Potal ay 19.1% 
W46-1955 5S 0 O% 

lotals - 
1925-1955 157 8.2% 


Submitted for publication April 3, 1956. 
Read at the Thirteenth Annual Meeting of the 


Central Surgical Association, Rochester, Minn., 
Feb. 24, 1956 ‘ 

From the Surgical Service, Cook County 
Children’s Hospital; Department of Surgery, 


Stritch 


Medicine, Loyola University. 


School of 





In this series the pattern of age and sex 


incidence and frequency of the disease 


showed no significant change from that re 
ported in the earlier series nor from that 


generally accepted. Of the 58 patients, 36 


were 1 year or younger and 12 patients 
were between 1 and 2 years of age. This 
group comprised 82.7% of the total. The 


remaining 11 were over 2 years of age, the 
eldest patient being 12 vears of age. 
Boys numerically predominated over girls 


by a slightly narrower margin than usual, 
. 


s 
35 to 23, and the distribution of race was 46 
Negro to 12 white. Among Negroes, there 
were 28 boys to 18 girls, and white boys 
This racial 
the 
census of the Cook County Children’s Hos 
pital. the 
curred in 68,287 admissions, or 1 to every 
1175. 


Previous reports, including our own, have 


outnumbered the girls 7 to 5. 


distribution is consistent with present 


This incidence of disease oc 


made rather exhaustive studies and compari 
sons of the age, sex, etiology, and symptom 
picture of intussusception; hence, it is not 
the purpose of this communication to en 
large further on that phase of the problem, 
but rather to enumerate our findings and 
to draw attention to various factors which 
have been so imporiant in lowering the mor 
tality in this disease (Charts 1 and 2). 


Etiology 


Causative factors for intussusception 
were found in five cases (8.69%), and con- 
ditions which might be considered predis- 
posing or relative factors in another four 
(6.9%) (Table 2). Most authorities agree 
that enlarged mesenteric lymph nodes are 


not to be considered as causative factors in 
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imtussusception. The frequency of their The predisposing or relative etiologic 
presence in any infant or child, with the factors which were noted in the four cases 
slightest illness, is well recognized by the were pinworms in one infant and amebiasis | 
experienced surgeon ; hence, on a proportion in another. These parasitic infestations | 
basis there is no relationship. Mesenteric were discovered in both instances postop | : 
gland enlargement was observed, however,  cratively, and we believe that abnormality : 
to be present in 14 of our 47 cases operated of peristalsis caused by them could have | 
on. In no instance were they interpreted — been the cause, or their presence could have 
= 
as being causative. been coincidental. 
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TABLE 2. 


Etiology 


Causative factors 
Intestinal polyps 
Congenital ileocecal band 

| Meckel’s diverticulum 


Total 


| Predisposing factors 
Amebiasis 
Pinworm 
Purpura 


Total 


Interestingly, the other two cases were as- 
sociated with purpura. The differential diag- 
nosis of anaphylactic or Schonlein-Henoch’s 
purpura and intussusception has always 
been recognized as being quite difficult. The 
first record of their coexistence successfully 
diagnosed and treated was noted by Lett in 
1908. Negative exploratory operations have 
also been made occasionally on children pre 
senting the abdominal crises. Bailey, in 
1930, reported 30 cases of abdominal pur 
pura operated upon, of which 14 had intus 
and 16 


Therefore the 


intraluminal 
that 


susception only 


hemorrhage. fact pur 


pura may mimic intussusception with its 


abdominal crises and melena, predispose 


etiologically, or coexist with it should make 


us alert to all three possibilities. 


Symptoms 


The cardinal symptoms as presented in 
this series are listed in their order of fre 


quency in Table 3. This frequency con 


Taste 3.—Data 


Symptoms 


Abdominal pain 

Vomiting 

Bloody stool or gross blood on examining finger 
Markedly positive benzidine 
Palpable abdominal mass 
Shock, lethargy, or listlessness 
Signs of obstruction 

Rectal mass palpable. 


INTUSSUSCEPTION IN INFANTS AND CHILDREN 


Data on Causativ 


No. 


and Predisposing Factors 


of Cases Ages 


6 yr., 6 yr., 6 mo, 


3 mo. 
3 mo. 
(8.6% 
6 mo. 
20 mo 
2 24 and 30 mo. 
(6.9% 


forms essentially to the recognized pattern 
of this disease. It should be emphasized 
that shock is more difficult to evaluate in an 
infant or a child than in an adult. In our 
listing of the cardinal symptoms we have 
placed lethargy and listlessness in the cate 
gory of shock, believing that they represent 
moderate forms of impending shock. 

Palpation of a rectal mass was _ possible 
in seven cases in this series; however, in all 
of these an abdominal mass was also pal 
pable. Rectal protrusion of an intussuscep 
tum was not noted in this group; however. 
in our earlier group of patients one was en 
countered. 

The average duration of symptonis in this 
series is probably not a dependable figure 


because of the few subacute and chronic 


cases with durations of three to seven days 
Of 


the acute cases, 39 (68.3%). however. 


were seen in the first 24 hours, and an addi 


tional 10 (84.4%), within the second 24 
hours 
m Cardinal Symptoms 
No. Per Cent 
53 91.3% 
19 | 84.4% 
17 ) | 81.0¢ ee 
3h 0 | 5.2% \ 86.2% 
16 77.4% 
28 13.3% 
21 36.2% 
7 12.0% 















































Diagnosis 


In the typical case of intussusception the 
diagnosis as a rule is not difficult. The 
presence of the cardinal symptomatology in 
a healthy robust infant presenting a classi- 
cal history of intermittent colicky pain 
should put the clinician on guard. 

The atypical cases, such as intussuscep- 
tion coexisting with or developing during 
the course of purpura, the chronic intermit- 
tent type of intussusception in older chil- 
lren, or the more silent ileoileal types of 
intussusception where the barium enema 
column stops at the ileocecal valve challenge 
diagnostic skill. In such cases procrastina 
tion may be, and frequently is, fatal. 
apie 4.—Diagnostic Results of Barium Enema 


Studics Carried Out in Twenty-Kight 
Patients in This Series 


| | 

: | | 

Intussusception diagnosis confirmed | 21 | 

| | 

2 Unsuspected intussusception found 4 
Intussusception later proved at lapa- 3 


rotomy not shown | 


IN 


ventgenographic studies including bari 
um enema examination were carried out 
in 28 patients in this series, 5 of whom also 
had initial flat scout films. Diagnostic re 
sults of the barium enema studies in our 
series are detailed in Table 4. Hence, it is our 
opinion that x-ray studies for the purpose 
of diagnosis in intussusception are not 
necessary in the typical case. Their use in 
our series as a diagnostic aid has been lim- 
ited to questionable cases where confirma- 
tion of clinical impression is desired, or 
abdominal signs and symptoms point to the 
necessity of complete work-up (four un- 
suspected cases). It is also noteworthy that 
in this series barium enema studies failed 
to give the diagnosis on three occasions 
where subsequent laparotomy revealed the 
presence of this disease. 

In our series the diagnosis was correct 
in 55 instances (94.8%), including 1 re- 
current case, and incorrect in 3 instances 
(5.2%). Two of these three were diagnosed 


402 





A.M. A. ARCHIVES OF SURGERY 
preoperatively as acute appendicitis, and 
one as a small bowel obstruction. In_ the 
first instance, a Negro girl, aged 6 years, 
was admitted to the hospital with symptoms 
of 24 hours’ duration and a temperature of 
103 I, 


dominal mass, nor colicky pain. Operation 


but had neither bloody stool, ab- 


disclosed a nonspecific salpingitis with pel 
vic peritonitis and an enteric, idiopathic in- 
tussusception which was reducible. The 
child made an uneventful recovery. The 
second case was that of a 12-year-old girl 
(the oldest patient in the series), who was 
admitted with a 36-hour history of colicky 
pain, nausea, and vomiting on two occasions. 
There was no bloody stool or palpable ab 
dominal mass. On examination there was 
tenderness and rebound tenderness in the 
right lower quadrant. The leucocyte count 
was 13,500, hemoglobin 80%, and urine 
normal. A preoperative diagnosis of appen- 
dicitis was made, and the child was prepared 
for operation. An ileocecal intussusception to 
the midascending colon was found. There 
were associated enlarged mesenteric lymph 
glands. The bowel was viable, and the intus- 
susception was easily reduced. Recovery 
was uneventful. The third case representing 
an error in preoperative diagnosis was one 
of the purpura cases referred to previously. 
This patient was operated on, seven days 
after onset of symptoms and four days 
after admission, for bowel obstruction due 
to a chronic irreducible ileoileal intussuscep- 
tion. This was successfully treated with a 
ileotransverse 


short-circuiting side-to-side 


colostomy. 


Treatment 

In this series of 58 cases of intussuscep- 
tion, 47 were treated surgically by various 
members of the attending, associate, and 
resident staff of the Cook County Chil- 
dren’s Hospital, 41 by manual reduction. 
The remaining six cases were irreducible in- 
tussusceptions, five of which were treated 
with primary resection and one with a short- 
circuiting ileotransverse colostomy (Table 
5). While these statements clearly denote 
our attitude in the treatment of this disease, 
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TABLE 5.—Treated Cases 
Surgical 
Manual reduction 35 
| Manual reduction with appendectomy 3 


Manual reduction with repair of ileum 
Manual reduction with repair of cecum 
Manual reduction (recurrence 1 


Potal 41 


Irreducible intussusception 
Primary resection of ileum 5 
Chronic ileocecal intussusception 


Potal 6 


| Nonsurgical 


Barium enema reduction 10 

Spontaneously subsided I 
rotal ll 
Potal, all cases 58 


it might be well to clarify this stand. 

Of these 47 patients treated surgically, 18 
had preoperative barium enema _ studies. 
Surgery was undertaken in the remaining 
29 without its use. In all fairness it should 
be stated that 


used at the Cook County Children’s Hospi 


initial barium enema when 
tal has Leen primarily diagnostic. It be 
comes therapeutic only when fluoroscopic 
observations reveal ease and completeness 
of reduction. This result, complete reduc 
tion of the intussusception, was obtained 
in 10 instances in this series. 

Some opinion should be expressed as to 
whether barium enema = should be used 
routinely in intussusception as an_ initial 
treatment, or, if not, with what limitations. 
It is our opinion that the group most suit 
able for this form of initial therapy should 
include only the following: 

(a) those in which duration of symptoms 

is less than 24 hours; 

(b) those in which temperature and 
leucocyte count are normal or show 
only slight elevation ; 


those in which there is neither shock 


nor severe obstructive signs; 
(d) 


those subacute or chronic cases with 
duration over four days without toxi- 


city and/or in which confirmation of 


diagnosis is needed. 


Mortality Factors 

The extent of bowel damage incurred in 
intussusception is dependent on several fac- 
tors, as was emphasized in our previous pub 
lication. The incidence of gangrene is much 
greater in the case with longer duration of 
symptoms. On the basis of published data 
that 
outnumber 


plus our own experience, we believe 
ileal damage and necrosis far 
the instances of cecal or colon damage. 
l‘urthermore, most reported resections in- 
volve the ileum only. This is understand 
able because the enteric intussusception or 
the ileo-ileal-colic intussusception has a 
much tighter ensheathment of the intussus- 
causing more vascular 


ceptum, thereby 


occlusion. Snyder has also emphasized the 
significance of the tightness of the collar of 
this 


is produced by a small ileocecal valve itself, 


the intussuscipiens. However, unless 
it is usually the small bowel enteroenteric 


type with its smaller circumference that 
creates a “tight” intussusceptum. 

Irreducibility, leading as it does to a much 
higher incidence of mortality in intussuscep 
tion, especially in infants, should be evalu 
ated as to whether the irreducibility is on a 
vascular (necrosis plus gangrene) or a me 
chanical (no necrosis or gangrene) basis. 
Sawyer recently called to our attention a 
simple maneuver of digital dilation of a tight 
intussusception which may be tried in in 
stances where no apparent evidence of ne 
crosis or gangrene exists. This maneuver 
of digital dilation may convert some “irre- 
ducible” cases into reducible ones. 

The failure to recognize a nonviable bowel 
and attempting reduction ¢f the intussuscep 
tion without resection is neither an unknown 
nor an unreported situation. These factors 
are examples of erroneous surgical judg 
ment. They must always be considered if 
intussusception mortality is to be kept low. 
The other factor of duration of symptoms 
is primarily dependent upon the continued 
cooperation of the pediatrician and the sur 
geon in establishing early diagnosis. 
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Within the past decade several large con- 
secutive series of intussusception cases have 
been reported without mortality. Represen- 
tative among these are the reports of Gross, 
Packard, Ravitch, and Richter, as well as 
the cases in the present report. This marked 
improvement in the management of this 
condition compared with that of earlier 


vears is striking (Table 6). It would be 
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operation of pediatrician and surgeon in 
the joint management of this disease is a 
factor which must be given equal recogni- 
tion in the present success in the manage- 
ment of this condition. 


Comment 


The most controversial aspect of the 


present-day treatment of intussusception in 


TABLE 6.—Improvement in Results Obtained in the Treatment of Intussusception 
in Infants and Children 





| | Period of No. of | Mortality, 
Institution | Authors | Observation | Cases | % 
eS... OO I nics Minreosel 
} | 
Boston Children's Hospital | Gross 1948-1950 | 92 0 
Denver Children’s Hospital | Packard 1944-1954 | 86 0 
= Rocce = ” aces | | 
| Johns Hopkins Hospital, Baltimore | Ravitch and McCune 1946-1951 57 0 
Michael Reese Hospital, Chicago Richter and Silver 1946-1951 48 | 0 
Cook County Children's Hospital, Chicago | Condon and Oberhelman 1946-1955 58 0 
} ! 
As Compared to Earlier Years 
London Hospital, Children's Division Perrin and Lindsay 1903-1920 400 34.75 
= " ws = és | — — 
Sydney, Australia, Children’s Hospital Clubbe and Hipsley 1921-1937 | 286 | 19.0 
‘(ecietes stl _ = | 
Boston Children's Hospital | Ladd and Gross 1908-1939 | 484 | 26.9 
ee siege | | " 
Babies’ Hospital, New York City | Bolling, Hogg, & Donovan 1923-1945 | 173 21.3 
Cook County Children's Hospital, Chicago | Oberhelman and Condon | 1925-1945 99 19.1 
unreasonable to credit any one specific infants and children doubtless exists be- 


factor in bringing about this improvement, 
or to enumerate them in their proper order 
of value. The past 10-year period has seen 
the introduction and availability of the 
broad-spectrum antibiotics. | l*urthermore, 
there are reflected the fruits of organized 
surgical training programs throughout the 
country. Improvements in our understand 
ing and management of electrolytic, fluid, 
and nutritional balance have been of no 
small benefit to surgical patients in general, 


Addi 


tional refinements in anesthetic techniques 


and particularly those in infancy. 


and agents as well as better trained anesthe- 
tists have largely eliminated many hazards 


and complications. Last, the continued co- 
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tween those who advocate routine initial 
conservative measures and those whose pref- 
erence lies with initial surgical treatment. 
In the writings of various authors both 
methods have their advocates. Our opinion 
lies somewhere between these two extremes. 
Complete barium enema reductions resulted 
in the course of diagnostic effort in 10 of 
our 58 cases, accounting for 17.2% of the 
total treated. At the 


enema failed to show intussusception where 


same time, barium 


it did exist in three cases. In our experi- 
ence we did not encounter any complica- 
tions ordinarily attributed to the initial use 
of the barium enema; however, the limita- 


tions of this method recognized by others 
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and ourselves were kept in mind, as also 
were the criteria for its use mentioned ear- 
lier in this The 
barium enema as initial therapy in intus- 


communication. use of 
susception has its limitations for the follow 
ing reasons: 

(a) successful reduction accomplished in 

only 40% to 60% of cases; 
(b) incomplete reductions or suspected 
ones must be surgically explored; 

(c) false sense of security in the recur 


rent or high enteric intussusception ; 


(d) overlooking an organic cause where 
present ; 

(e) possibility of reduction of nonviable 
gangrenous bowel (which we know 
is difficult to evaluate with direct in 
spection) with too vigorous manipu 
lation and enthusiasm of the un 
trained ; 

(f) time element, which has been shown 


consistently to be so important a 
factor in many reports, is allowed to 
increase. 

Additional comment concerning the surgi 
cal methods of choice in resections for ir 
reducible, gangrenous intussusception seems 
pertinent, 

Successful primary resection and anasto 
mosis for gangrenous small bowel was ac 
complished in five cases of this series. This 
is not an isolated example of a successfully 
resected series. Dennis and Packard have 
also recently reported eight and seven cases, 
Benson 


respectively, without a mortality. 


and Sharpe had one mortality in eight re 
sected cases. The consensus of these authors 
as well as the conclusions from McLaugh 
lin’s survey seem to favor primary resec 
tion and anastomosis as the method of choice 
in such cases. Other procedures such as the 
the 


tions, as well as modification of the open 


Lahey-Mikulicz or obstructive resec 


bowel resection, have not been productive 
of any similar degree of success. 
Summary and Conclusions 


An additional 58 cases of intussusception 
in infants and children encountered in 57 
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patients at the Cook County Children’s Hos- 
pital have been treated without mortality. 

A sharp contrast is noted in comparing 
present mortality with that of former years. 

Attention is directed to the notable 
factors responsible for this gratifying re- 
duction in mortality. 

IXmphasis is placed on the avoidance of 
errors in arriving at a correct diagnosis. 

Attempt is made to point out the diffi- 
culty in recognizing the presence of in- 
tussusception coexisting with abdominal 
purpura. 

Barium enema studies have in our hands 
been primarily diagnostic and were used 
therapeutically only when certain criteria 
were met. 

Limitations and indications for initial con 
servative therapy are enumerated, as is our 
attitude that intussusception in these pa 
tients is primarily a surgical disease. 

Mention is made of the various operative 
treatment 


procedures employed in the 


of irreducible intussusception in this 
series, and also the procedure we found t 
be most successful. 


30 N. Michigan Ave 
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DISCUSSION 


On Papers BY Drs. SreBER; BENSON AND 
LINKNER; AND CONDON AND OBERHELMAN 
Dr. Corin C. Ferrcuson, Winnipeg, Man., 
Canada: I am primarily going to discuss the 
excellent paper given by Dr. Sieber, on intestinal 
duplications. 

| have had a particular interest in this subject 
since a traumatic experience that I once had. 
When I was a very junior first-year assistant resi- 
dent at the Montreal Children’s Hospital, one of 
my first surgical responsibilities was to open up 

transverse colostomy that had been performed 
to divert the fecal stream in a 3-year-old boy 
rhe boy had been born with an imperforate anus, 
and this had been repaired by the perineal route. 
He had subsequently been shown to have a recto 
vesical fistula. As a preliminary procedure, prior 
to repairing the fistula a transverse colostomy was 
done. | was given the job of opening this colos- 
tomy one day later. 

When I cut across the exposed loop of bowel, 
| ended up with four openings instead of two. 
even at that stage of my = surgical training, I 
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knew that that was not proper. It later turned out 
that the child had a complete duplication of his 
entire large bowel, with completely separate ceca, 
appendices, terminal ileums, separate ascending 
and descending colons; but in the transverse colon, 
the duplication was fused as one structure, so that 
it had not been recognized at the time of the loop 
transverse colostomy (Allard, C. A.; Ross, D. E, 
and Hopkirk, J. F.: 
Large Bowel Treated by Subtotal Colectomy, 
Ann. Surg. 130:249-252 [Aug.] 1949). 


Since that experience I have been very much 


Complete Duplication of 


interested in this problem. 

[Slide] This slide shows a very large intestinal 
duplication in the region of the terminal ileum. 
[ simply show it because this occurred in a pre- 
mature infant who weighed only 4 Ib. 5 oz. (1956 
em.). After the duplication was resected, along 
with a segment of the normal terminal ileum, the 
child’s body weight went down to 2 Ih. 5 oz. (1049 
em.). 

[Slide] This shows the experience of the Boston 
Children’s Hospital, where I took some of my 
resident training. This, of course, is the work of 
Gross and his associates. (Gross, R. .; Holcomb, 
G. W., and Farber, S.: Duplications of Alimen- 
tary Tract, Pediatrics 9:449-467 [April] 1952). 
Probably it is familiar to most of you 

Intestinal duplications can do practically any- 
thing. 


this series 


One very unusual duplication in 
originated as a diverticulum from the midjejunum 
and then extended upward through the right 
diaphragm, into the right chest, across the medias- 
tinum to end blindly in the left chest. The patient 
was operated upon with a diagnosis of a right- 
sided diaphragmatic hernia. He did have a right- 
sided diaphragmatic hernia, but when Dr. Gross 
reduced the hernia, there was still one single 
strand of bowel going up through the diaphrag- 
matic defect. The duplication had to be resected 
in stages. 

\ particular problem is the duplication that in- 
volves the stomach or duodenum, because in this 
situation you cannot usually resect it. One can, 
however, do an internal marsupialization, and _ this 
will effectively overcome the problem. Even 
though duplication may contain aberrant gastric 
mucosa, fortunately in the region of the stomach 
this is unimportant, and in the duodenum it does 
not seem to make too much difference because the 
duodenal juice neutralizes the acid secretion 

In Winnipeg, in the last six months, we have 
had three cases of intestinal duplication. Two of 
these were thoracic duplications, one of which was 


associated with a spina bifida in the thoracic 


spine, which made us think that we might be 
dealing with an anterior myelomeningocele. The 
third occurred in a 3-day-old infant who presented 





pic 


me 
ab 
mit 


wl 

























with typical symptoms and signs of an intussus- 
ception; this is the youngest patient with an in- 


tussusception that I have ever seen. A duplication 


of the terminal ileum was found, which consti- 
tuted the lead point for the intussusception. 
Dr. Sieber has presented a fascinating series 


of cases. His results are excellent. 
Dr. Wits J. 
about | ir 


Potts, Chicago: Just a word 


Benson’s and Dr. Linkner’s paper on 


Meckel’s diverticulum. 
[Slide] In 


rather 


had 


omphalo 


relatively quick succession we 


two unusual cases of open 
mesenteric duct. 


The 


umbilicus. 


the 
the 


duct short and attached to 


The 


Was 


open was 


red mass protruding from 


abdomen obviously covered with intestinal 


mucosa. There were openings at each end of the 


mass. With a catheter a bit of barium was in 
jected into each opening. Fluoroscopic observation 
showed that the barium went toward the cecum 


when injected into one opening, and into the ileum 


when injected into the other. 


\t operation it was found that the peculiar 


picture presented in this slide was due to hernia 
tion of the wall of the ileum throug! 


the omphalo 
mesenteric duct. In other words, the mass on the 


abdomen was actually covered with intestinal 

the the ileum 

which had pushed itself out of the open duct. 
The 


recognized 


mucosa: It was inside wall of 


second case entirely similar was. easily 


In both cases surgical correction con 
sisted of simple resection and end-to-end anasto 


the ileum. 


mosis of 


[Slide] I should like to emphasize what Dr 
Linkner said about ulcers and_ bleeding 
The only finding of significance related to 


Meckel’s diverticulum, with exception of infection 


and mechanical problems, is sudden profuse 


hemorrhage Bleeding almost invariably arises 
trom an uleer in the diverticulum, and the ulcer 
The blood 


trom an ulcer in a Meckel’s diverticulum is char 


acteristic 


is situated in displaced gastric mucosa. 


When a child suddenly, without symp 
toms, passes a large amount of blood, and if the 
blood is brick-red, the child has a Meckel’s diver 


ticulum. It is not black blood—that comes from 
the stomach. It isn’t pink—that comes from. the 
rectum. It does not have jelly in it—that comes 
from an intussusception. When a child passes a 


large amount of brick-red blood, ask the mother 


Whether it was a teaspoonful or half a cupful 
If it was half a cupful and is brick-red, the child 
has a Meckel’s diverticulum. 

Drs. Ben 


word 


Dr. Jacon K. BERMAN, Indianapolis : 
son and about 


eall 


this 


Linkner asked me to say a 
should 


for 


Meckel’s diverticulum, and I like to 


attention to the fertile soil research that 


congenital anomaly affords. Indeed, it is an ex 


perimental station provided by nature in which we 


INTUSSUSCEPTION IN INFANTS AND CHILDREN 


may search for the causes of peptic ulceration 
with perforation or bleeding, not only in the 
Meckel’s diverticulum, but in all areas where 


autodigestion of mucous membranes may occur. 
Of all have Meckel’s 


diverticulum, and 


persons, 2% 


Drs 
confirmed previous studies that 90% to 100% of 


are said to 
Benson and Linkner have 


those which bleed have gastric mucous membrane. 


On the contrary, we may say that if there 1s no 
eastric mucosa, in most instances there will be no 
This leads to 


pre »blems ot 


erosion and no bleeding certain 


implications concerning heterotopic 
membrane 
10% of 

| 


tion has acute or chronic ulceration oi 


gastric mucous 


\pproximately the adult male popula- 
the stomach 
or duodenum, and more than 30% of these bleed 
Why only 30% instead of 100%? 


gastric 


to some degree 


Is it due to ectopic islands of abnormal 


mucous membrane, or is it due to better local 


pre tections ? 


Yesterday, Drs. Ellis, Andersen, and Clagett 
discussed peptic esophagitis, and many of these 
patients have ectopic or heterotopic eastric 


mucosa, but the exact percentage is not known 
\ large number of alimentary duplications, which 
Dr. Sieber described, have gastric mucosa in their 
lumina 


Meckel’s 


associated 


diverticulum with mucosa is 


gastric 


with a surrounding ileitis. The same 


Is true 


n gastritis and duodenitis 

In 1936 and 1938 we published a series of ex- 
perimental and clinical studies on this subject in 
heading of 
We 


stated that too much emphasis was being placed 


the ARCHIVES OF SURGERY, under the 


“Retrograde Duodenogastric Intussusception.” 


upon the acid factor, which may be compared to 


an antigen, rather than on the resisting factors 


or forces, which may be likened to antibodies. 


Hoa 


can 


small island of gastric mucous membrane 


cause this complication, how much gastric 


mucous membrane may be safely left in a gastric 


resection? This question leads to the investigation 


of one of the resisting factors, namely, the mucous 


or mucin system, which consists of a large group 


of merocrine glands distributed widely in all 
mucous linings of the body. 

Mucous membranes, especially those covered by 
columnar or contain mucous 
The 


mucus 


ciliated epithelium, 


or goblet cells which secrete visible mucus 


stomach and duodenum have sources of 


from the mucous neck cells and surface epithelium 


cells, from Brunner’s glands and the pyloric 


glands, which secrete continuously. Mucous chief 


cells produce dissolved mucin which is alkaline 


and antiseptic, due to mucoitin sulfuric acid. Mucus 


contains protein, carbohydrates, mucoitin sulfuric 


acid, hydrochloric acid, leucocytes, Ivmphoevtes, 


and desquamated epithelial cells 





Pies and dogs have more mucous glands in the 
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esophagus than horses, cats, or man. The pyloric 
antrum and duodenum are especially well-protected 
by mucus. Mucus in the intestines comes from 
the goblet cells in the crypts and plays an im- 
portant part in absorbing the intestinal enzymes 
and in the formation of feces. The main constit- 
uent of colonic secretion is mucus. If we con- 
tinuously wash away the protective mucus from 
the mouth or from the vagina or rectum, the 
mucosa becomes inflamed. 

Francis Bacon, father of inductive (a posteriori) 
logic, believed in reasoning from observed parts 
to the whole, from particular to general. A con- 
clusion may thus be drawn from the results of 
experimentation and observation. Applying this 
form of logic, we may conclude that mucous 
membrane, not adequately protected against the 
digestive action of gastric juice, ulcerates and 
bleeds. 

The deductive (a priori) method of reasoning 
begins with the premise or hypothesis and goes 
from the universal to the particular, from all to 
some, from the whole to its parts. The objection 
to this type of reasoning is that the major premise 
may be wrong, vet the logic sound, forcing the 
reasoner to a fallacious conclusion, as exemplified 
by the modern sophist 

Applying both methods to the problem under 
discussion, it follows logically that something 
which ordinarily protects mucous membrane 
against erosion by gastric juice is absent in 
Meckel’s diverticulum and in other places where 
heterotopic wastric mucosa exists. 

Therefore, I propose that we search every 
Meckel’s diverticulum with erosion for differences 
in the number and kind of mucous cells and in 
the chemical difference in its mucous content. 
Perhaps peptic ulceration is a systemic disease 
of the merocrine-exocrine glands with retention 
of chloride by the sweat glands—the antithesis 
of so-called mucoviscidosis. 

LEMMER, Madison, Wis.: 
When Dr. Benson asked me to discuss his paper 


Dr. KENNETH E. 


on Meckel’s diverticulum, so ably presented today 
by Dr. Linkner, | didn’t realize that we would 
have so much discussion of it. Most of the 
comments IT had in mind have already been pre- 
sented 

Our experience has been much the same as his 
and Dr. Potts’, and we find our mortality is in 
one of two groups, the obstructive kind or the 
one that has gone on to perforation. I think that 
that is the area where we should turn most of our 
efforts 

The problem of hemorrhage has been ably cov 
ered by Dr. Potts. I am sure | need say nothing 
more about that. 

| should like to turn your attention, then, to 
another phase which I think is important, and that 


408 


A, M. A. ARCHIVES OF SURGERY 


has to do with second childhood. Realizing that 
2% of all autopsies show a Meckel’s diverticulum 
present, in the various large operative series we 
find that Umphrey reported only 9 Meckel’s diver- 
ticula in 3460 cases of operations, Balfour found 
15 in 11,000 cases, and McGlauman found 3 in 
14,000 cases. Are we missing asymptomatic but 
potentially dangerous cases of Meckel’s divertic- 
ulum? 

This was called to our attention recently in an 
81-year-old woman in her second childhood who 
had a perforated Meckel’s diverticulum. It was 
unrecognized for a week. There was no hetero- 
topic tissue. Resection and anastomosis was satis- 
factory. 

Whether or not we should be looking more 
carefully for a Meckel’s diverticulum as we ex- 
plore, I do not know. I think that we are over- 
looking a potential source of trouble. If the lumen 
is large, most of these cases will be asymptomatic 
As good surgeons, we should look for a Meckel’s 
diverticulum and record it in our operative notes, 
whether we resect it or not. 

Dr. Joun L. Keertey, Chicago: I want to say 
a word about the paper presented by Drs. Condon 
and Oberhelman 

[ am sure we all realize that the difficulty in 
the surgical management of intussusception is not 
with those lesions that are reducible but with 
those that are not. It poses a problem as _ to 
management when bowel must be resected. As 
you know, there are increasing reports concerning 
the good results from primary resection and end- 
to-end anastomosis. One is confronted with the 
possibility of utilizing the exteriorization occasion- 
ally, for the reason that it affords immediate de 
compression. The complications of exteriorization, 
such as retraction, evisceration, infection, or ex 
coriation, are, of course, avoided by the closed 
anastomosis. 

We have encountered a couple of late cases in 
the past two years. One patient had an intussus- 
ception 36 hours, and another had it 60 hours, 
both with rather confusing histories. We used a 
procedure which we thought had some of the 
advantages of both the primary resection and 
anastomosis and the exteriorization procedure 

[Slide] This is the preliminary x-ray of the 
60-hour case. There are widely dilated loops of 
bowel. A barium enema showed an_ irreducible 
intussusception. As a matter of fact, 10 hours 
were consumed in getting this moribund child into 
condition even to study it, let alone do an opera- 
tion. 

[Slide] This shows the procedure that we used 
We did a resection and made an_ end-to-side 
anastomosis, as you see here, with what turned 
out to be, anatomically, a distal vent. 

Actually, we took the terminal 6 to 8 cm. of 


kn 


up 


evi 


shi 


ile 
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ileum, took away its blood supply, crushed it, let 
it hang into the colon, and then exteriorized the 
We 


decompression, be- 


colon stoma as you see here. believed that 


this would give immediate 
cause anything that passed through the ileum ought 
to escape through the and 


have soon as 


colostomy, yet, we 


should not fluid loss as material 
began to pass on through the colon in the normal 
way. Nothing much came out of the colostomy 
in either case. 

a series, I 


know, but both did very well. We have a follow- 


These two cases are not much of 


up study on each of them. 
[Slide] This is the postoperative barium enema 
in one of the patients. It does not visualize part 


ot the colon, because some of the barium was 
evacuated before the film was taken, but it does 
show that when the barium enema is given, there 
is no difficulty so far as retrograde filling of the 
ileum is concerned. 

\s for the colostomy stoma, we closed it with 
a very simple procedure, mobilizing the stump of 
colon and turning it in with a purse-string suture 
and repairing the very small defect in the abdom 
inal wall. 

We think 


the desperate cases that we see 


that this procedure has a place in 
It certainly does 
not make one put all of his eggs in one basket, 
so to speak, as does the primary end-to-end anas- 
tomosis, and I have a feeling that although many 
of those cases are reported as successful, probably 
nany of them are done for irreducible intussuscep 
tion that do not turn out well, and about which we 
do not hear. 

Dr. EuGenr A, 
much 


Detroit | 
Condon and Dr 


OsIus, was very 
Ober- 


helman’s paper, and 1 should like to recite briefly 


interested in Dr. 


rather similar experience at the Children’s 


Hospital in Detroit 
We did a 20-year survey, from 1933 to 1953 


There were 264 cases in that time. The average 
time from onset to operation was 42.8 hours 
One case had a three-week history; four cases 


had a one-week history. 


During the last five years of the study it is 
that the 


been reduced to 24 hours, which T think is highly 


interesting to see interval of time has 


important. 
rhe age incidence ran from 15 hours to 10 years 


Ninety-two were children between the 4th and 


7th month; 67% were seen in the first year; 88% 


were seen by the end of the second year; 58% 
were seen between the months of April and Sep 
tember, the incidence during that time being 


slightly higher. 


The overall-all mortality was.16.2%. That does 


not tell the story. From 1933 to 1938, there were 


45 cases with a 44% mortality. I will refer to 


that again 


were 51 cases with 


1938 to 
16% mortality. 


1943, 
From 


there 
1943 to 1948, were 
83 cases with an 18% mortality, all of which 
1945. From 1948 to 1953, there 
were 85 cases with no mortality. 


From 
there 


occurred before 


Another interesting factor was that these cases 
men—Penberthy, 
myself, 
That also is 


done by a number of 


Weller, 


and the residents under supervision. 


were 
Benson, Maguire, Louppe and 
important, the fact that a good figure on mortality 
can be achieved by a group of men and not by 
individuals. 

There is one other point that I should like to 
call to your attention, and that is the irreducible 
From 1933 to 1938, there were four irre- 
1938 to 1943, 


four deaths 


cases. 


ducibles, with four deaths. From 


there were five irreducibles, with 
This gives a mortality of 80%. 

In the next period there were five irreducibles, 
with two deaths, or 40%. 
1945 to 1953, 


deaths 


In the last period, from 
there were nine irreducibles and no 


Another point that I should like to ask you to 


watch for is this: In practically all of these 


intussusceptions we have noticed a little vascular 
band that runs across the junction of the ileum 
and the cecum. It actually produces pressure in 


some instances, and in practically every instance 


we have divided that by simply freeing it with a 


hemostat and clipping it. We have a feeling that 


that allows the ileum, if it is going to recur, 


to reduce itself again. It is purely an idea and an 


observation, and we should be interested to hear 


if any others have found the same thing 

Dr. Wirtiam M. Tutte, Detroit: Several 
vears ago Dr. Langston and I reported four 
duplications of the esophagus, which at that time 
was a considerable figure. To this date we have 


duplications of the esophagus, which at that time 
time, nine, which have been successfully operated 
on 

The one patient, whose slides I should like to 
show you today, is rather interesting, and T have 
not seen a similar case reported. The patient was 


operated on by Dr. Benson and myself several 
years ago at the Children’s Hospital of Michigan 
\s far as I know, the patient is still well 

| Slide 


brought to the hospital with what appeared to be 


This child, just a few days old, was 


a spontaneous pneumothorax. Two tubes were 


placed in the pleural space, but the child’s lung 


failed to reexpand. It became evident that drain- 
contained milk, 


the child had 


studies 


age from the thoracotomy tubes 


and it was believed, therefore, that 


a pleural-esophageal fistula. Barium were 
done and, as can be seen from the slides, this was 
apparently the case. 


As a 


thoracotomy was done 


result of these studies an exploratory 


There was a small fistulous 
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tract coming from the esophagus and entering a 
small localized empyema space. The fistula was 
closed by tying it, and the lung was decorticated. 
The postoperative course was uneventful. 

Dr. Leon J. Leany, Butfalo: I should like to 
discuss Dr. Sieber’s paper on duplications of the 
alimentary tract. 

We have had several such cases at the Chil- 
dren’s Hospital in Buffalo, not as many as are 
reported from Pittsburgh, but ours have varied 
from one beneath the tongue, with others in the 
chest and in the abdomen. [f should like to men- 
tion our most recent case, which was quite com- 
plicated. Maybe there is a lesson involved, 
because | am not sure that it was handled properly 
by the man who did the original operation. 

\ S-month old infant was admitted with a 
history ot bloody stools. The child was thoroughly 
investigated; it had x-rays, sigmoidoscopic ex 
aminations, blood examinations, and no cause could 
be found. It was transfused and discharged. 

\t 6 weeks of age the child was readmitted 
with the same history, and after transfusion it 
was operated on. It was found that there was 
a duplication of the entire small bowel to within 
10 cm. of the ileocecal valve. The area was re- 
sected, and an end-to-end anastomosis was done 
between the duplication and the normal ileum. 

[Slide] This shows the specimen, hemorrhagic 
on the serosal surface. 

[Slide] This shows an ulceration within the 
ileum, with gastric mucosa on one side of the 


septum and normal ileal mucosa on the other. 
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The child did well for two days, had a bowel 
movement, and on the third day began to have 
blood in its stools again. 

After transfusion it was reoperated on, and at 
that time the previous anastomosis was taken 
down, the normal ileal continuity was reestablished, 
and the duplication was anastomosed to the 
stomach. 

[Slide] This shows the second operation, with 
ileal mucosa on one side and gastric mucosa on 
the other, and an ulceration 

[Slide] This is the second specimen, quite 
similar, six days later. 

[Slide] This is what was done at the first opera- 
tion. The dotted area was resected. On_ the 
periphery of the slide you will see that various 
types of lumen are present. 

[Slide] This continues upward and shows. the 
duplication ending in a blind pouch near the liga 
ment of Treitz. 

[Slide] This shows what was done at the sec- 
ond operation. The dotted area shows normal ileal 
continuity reestablished between the upper lumen 
and the second lumen and anastomosed to the 
stomach so that the ileum would not receive the 
insult of gastric juice again. 

Since then (three months) the child has been 
very well, has gained weight, has had no bleeding, 
has maintained its blood, and looks as if this 
might have solved the problem It was too ex- 
tensive for a resection, and consequently — this 


compromise was done. 
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Resection and graft replacement of the 


aorta and great vessels of the lower ex 


tremities for atherosclerosis have passed 
from the realm of the surgical curiosity to 
that of 


clinical experience has now accumulated in 


the commonplace, and sufficient 


many surgical centers to warrant critical 
analysis of the indications for such pro 
cedures. The major current interest is cen 
tered upon the technical aspects of this 
problem with only occasional reference to 
its applicability. Frequently one is left with 
the impression that the vast majority of 
persons suffering from arterial insufficiency 
of the lower extremity are suitable candi 
dates for surgical replacement of their dis 
Such 


purpose 


vessels. has not been 
The 


to review the experience gained in the eval 


eased our 


experience. of this paper is 


uation of 67 patients suffering from 


obliterative arterial disease of the great 
vessels to the lower extremities and to an 
alyze the factors that were considered in 
selecting patients for surgical bypass or 


replacement therapy. 


Clinical Material 


During the 28-month-period from Sep 
tember, 1953, through January, 1956, a 

Submitted for publication April 3, 1956. 

Read at the Thirteenth Annual Meeting of the 
Central Minn., 
Feb, 24, 

From the Department of 
of Colorado School of 


Surgical Association, Rochester, 
1956. , 

Surgery, University 
Medicine, and the Denver 
Veterans Administration Hospital. 


total of 67 
obliterative disease of the aorta or major 


patients with proved arterial 


vessels of the lower extremities were studied 
at the 
Hospital. 


Denver Veterans Administration 


Data concerning age and diag 
in Table 1. In 


stance the diagnosis has been confirmed by 


nosis are shown each in- 


radiographic techniques. Patients with ob 
literative arterial disease, but not undergo 


ing arteriography because of age, gangrene, 


TABLE 1—Age of Patients 
No. of Mean 
Patients | Age, Y1 Range 
Aneurysms Ss 62 5Y-69 
Obliterative lesions 
Aortic 36 4 25-67 
Extremity 23 50 27-6 
Potal 67 25-69 
TABLE 2 Reasons for Nonoperative Treatment 
| 2—R \ perati Treat t 


(42 of the 67 Patients Studied) 


| | Per Cent 


No. of Total 
Reason of Non- 
Patients | operated 
| Cases 
| 
} 
Severe arterioselerotic heart disease 
recent or multiple infarcts or 
severe angina 4 34 
| Negative arteriogram or aortogram 
(with clinical disease il 26 
Advanced distal arterial obliterative | 
disease $ 8 
Preoperative gangrene 2 5 
| Died preoperatively l 2 
| Severe rheumatic heart disease 1 2 
Terminal carcinoma l 2 
| 
| Cerebral vascular accident 1 2 
Emphysema and cor pulmonale 1 } 2 
| Patient refused 7 } 17 
| Total 42 100 


































TABLE 3.—-Anatomic Site of Most Proximal Block* 
(Aneurysms Excluded) 











Location No. 
| Immediately below renals 1 
| Midabdominal aorta 1 
Aortic bifurcation 6 
| Common iliac ll 
| External iliac and common femoral 12 
| Midfemoral 16 
| Popliteal 1 
J 











*This does not include 11 patients who had clinical 
disease and negative aortograms. 


TABLE 4.—Etiology of the Arterial Obstruction 
and Patients’ Age 
(Including Aneurysms) 








j 5 
| y 

| No. of Mean | 

| Patients Age | Range | 

a 

| Atherosclerosis | | | 

| | | 

| Aortic 440 | 56 | (25-69 | 

| Extremity (lower exter- 17 | 54 | 27-65 | 

| nal iliac, femoral, and | | | 

popliteal) | } 

| | | 

| Buerger's disease | 5 | 42 31-53 | 

| | | | 

| Trauma | 1 | | 29 | 

| } | 

Total | 67 | 25-69 | 


or severe disease elsewhere, were not in- 
cluded in this study. 

Of the 67 patients under consideration, 
operation was performed in 24 (36%). The 
reasons for refusing operation to the re- 
maining 42 cases are listed in Table 2. The 
anatomic sites of the most proximally lo- 
cated area of major obstruction, as observed 
clinically, radiologically, and at operation, 
are tabulated in Table 3 and Figure 1. 

Table 4 indicates the etiology of the 
arterial obstruction. Although the vast ma- 
jority (90%) of the cases were due to 
atherosclerosis, it is becoming increasingly 
difficult to differentiate atherosclerosis from 
Buerger’s disease. Three young men with 
histologically proved Buerger’s disease have 
shown obliterative disease of the abdominal 
aorta of a gross and microscopic character 
typical of atherosclerosis. On the other 
hand, varying amounts of inflammatory re- 
action surrounding arteries involved with 


advanced atherosclerosis are frequently 
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Figure 1 


noted. With 
atherosclerosis in younger-age groups, this 


increasing recognition of 
factor cannot be relied upon in differential 
diagnosis. 

In this series essentially every stage of 
arterial obliteration and obstruction has 
been observed, varying from minimal nar- 
rowing to complete obliteration of the entire 
abdominal aorta distal to the renal arteries. 
As might be expected from such an un- 
selected group of cases, the signs and 
symptoms referable to muscle ischemia have 
variously been localized in the low back, 
buttocks, thighs, calf, or feet, depending on 
the level of maximal arterial occlusion 
(Table 5). 

The types of arterial surgery performed 
are shown in Table 6. The wide variety of 
techniques employed reflect our disappoint- 
ment with certain techniques and progress 
with others, as well as our benefit from the 
experience of others during the period of 
this study. In general, resection and homo- 
graft replacement of the aorta and end-to- 
end saphenous vein bypass graft of diseased 
femoral arteries are now preferred. 
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ARTERIAL RESECTION IN ATHEROSCLEROSIS 


TABLE 5.—Primary Site of Claudication in 
Patients with Obliterative Disease 
(Aneurysms Excluded) 




















| No. of Mean 
| Site Patients Age Range 
| Back 3 53 42-60 
| Gluteal region 2 50 45-56 
| Hip 10 53 25-63 
| Thigh 7 58 45-66 
| Calf 32 52 26-66 
Foot 5 50 32-67 
Total 59 | 7 





TABLE 6.—Types of Primary Operations 

















Performed 
Aortic | Extremity | 
Aneurysms } | 
Lyophilized homograft | 6 | 
| 
Obliterative disease | 
Endarterectomy } 3 3 | 
Resection and graft | 6 6 | 

| 
Bypass | ‘ 1 | 

Total | 18 10 





Comment 


From this clinical experience certain cri- 
teria for operability have developed—some 


through satisfying postoperative results, 


others by unhappy complications of the 
procedure employed. 

Two complications of atherosclerosis, 
aneurysmal dilatation and luminal obstruc- 
tion, furnish indications for surgical inter- 
vention. These two clinical entities, even 
though both are atherosclerotic in origin, 
must be considered separately in evaluation 
of indications for operative intervention. 
Their prognosis for life and limb, their 
technical excision, and their postoperative 
results offer vastly different problems. Of 
the five abdominal aneurysms that we have 


so far resected, four have been uncompli- 
cated postoperatively and the fifth was a 
hospital mortality. Since anéurysms present 
such a different clinical problem, they will 
not be further included in this discussion. 





Evaluation of Operative Criteria 
I. Mortality, Morbidity, and a Benign Disease 


In our experience the operative treatment 
of major arterial and aortic obliterative dis- 
ease has been associated with a hospital 
mortality rate of 2 patients in 24 operations. 
In two patients operative intervention has 
decreased blood flow to the lower extremi- 
ties. In one of these patients this has been 
abundantly evident by the necessity for 
amputation in the immediate postoperative 
period. It can be argued that these extremi- 
ties might have required amputation if oper- 
ation had been withheld, but the fact 
remains that operation at least hastened the 
need for amputation. 

The morbidity of the successful opera- 
tions is usually slight, considering the 
magnitude of some of the operative prob- 
lems. Exploration or excision of the fem- 
oral and popliteal arteries is essentially a 
minor but 
abdominal aortic resection when the graft 
remains patent carries a remarkably small 
morbidity. Resection and replacement of 
abdominal aortic lesions now routinely re- 
quire two and one-half to four hours, 
require 2 to 4 units of blood replacement, 
and may be accompanied by simultaneous 
appendectomy, bilateral lumbar sympathec- 
tomy, and removal or repair of other ab- 
dominal pathology noted at the time of 
exploration, as described by 
Postoperative hospitalization is 8 


technical procedure, even 


has_ been 
others. 
to 21 days. Thus, when the graft functions 
correctly, there is little morbidity. When 
clotting occurs in the graft, the situation 
is sadly reversed, for the morbidity is great, 
occasionally necessitating amputation. In 
the replacement or bypass of femoral ar- 
terial segments, although late postoperative 
occlusion is particularly prone to occur,? 
this usually does not produce the disastrous 
sequelae of aortic or iliac occlusion. 

Such an all-or-none operative prognosis is 
more easily accepted by both patient and 
surgeon when faced with a malignant or 
totally crippling disease. Thus, the cardiac 
surgeon attempting to repair a major con- 
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genital defect or the surgeon performing 


multiple organ extirpations for cancer 
willingly will accept a high operative mor- 
tality and morbidity. This is not the case 
in considering aortic or arterial replacement 
for obliterative disease, and the statistics 
should be so 


relevant to this problem 


evaluated. A mortality in aortic resection 
for obliterative disease is a personal catas- 
trophe, not a gallant but unsuccessful at- 
tempt for cure in an otherwise fatal disease. 


II. Natural History of the Untreated Disease 


Unfortunately, there is as yet no au 
thentic standard for comparing a group of 
patients suffering from atherosclerotic ob 
literative disease of the extremities treated 
by arterial replacement with a comparable 
untreated series.? Such studies are urgently 
needed. Atherosclerotic obliteration of the 
aorta and iliac vessels has, in particular, 
only been recognized as an important pri 
mary pathologic entity for the past 10 
years, and there has been little opportunity 
to study the untreated disease. Almost as 
soon as Leriche described the pathologic 
entity * and dos Santos its radiologic visual 
ization,” others * demonstrated the feasibil- 
ity of resecting the maximally diseased 
vessels, and the majority of patients with 
segmentally occluded vessels have been so 
treated. 

Atherosclerosis is a progressive disease, 
but in a given case it may be difficult to 
predict how adequately the collaterals may 
compensate for obliteration of the main ves- 
have been seen with the 
aorta totally obliterated (Tig. 2) and with 
collateral 


sels. Patients 
vessels adequate to minimize 
symptoms of distal ischemia. On the other 
hand, one cannot count on the development 
of such limb-saving collaterals, for in four 
instances we followed the progression of 
obliterative disease of the aorta and iliac 
vessels for 12 months or longer, watching 
the aortographic findings parallel — the 
progression of incapacitating symptoms of 
ischemia. In one case amputation for frank 


* References 6, 7, and 8. 
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2—A 60-year-old man with a 10-year his- 


Fig. 2.- 
tory of angina and a 5-year history of impotence, 
claudication of right hip, low back, and_ thigh. 
Exercise tolerance of one-half block limited pri- 
marily by angina pectoris, not by aortic occlusion 


gangrene was necessary in a man_ turned 
down for surgery four months previously 
because his clinical symptoms and aortog- 
raphic findings were not thought sufficient 
to warrant excision and replacement of the 
diseased vessel. It is evident that one 
cannot advise watchful waiting in the man- 
agement of all patients with this condition. 


III. Rate of Symptom Progression 


The rate of symptom progression can in 
general be used to predict the future course 
of atherosclerosis of the abdominal aorta 
and great vessels of the lower extremities. 
Although accurate data are not available in 
this regard, clinical experience and a knowl- 
edge of the pathologic and hemodynamic 
factors involved support this contention. 

3y the time a_ patient consults his 
physician because of symptoms of hip or 
leg claudication, or by the time a reduced 
femoral pulsation is discovered, luminal 
encroachment is usually far advanced. In 
the earlier stages of disease, the narrowed 
atherosclerotic aorta may conduct its volume 
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ARTERIAL RESECTION IN ATHEROSCLEROSIS 


of blood at an accelerated velocity and com- 
pensate to a marked degree for the luminal 
this disease is 


narrowing. At stage the 


asymptomatic. By the time that signs of 
ischemia are apparent, the patient is in an 
advanced stage of his disease and even 
slight progression of the obliterative process 
will produce marked diminution of blood 
flow (Poiseuille’s Law). 

Helptul 


candidates for operation may be obtained 


evidence in selecting suitable 


from determining the rate of progression of 
relation to the age of the 


S 


If symptoms of ischemia develop 


the disease in 
patient. 
slowly in a patient beyond the age of 50, 
then one is apt to find advanced obliterative 
disease of the small arteries of the ex 
tremity and a maximum number of collateral 
vessels. On the other hand, when symptoms 
develop rapidly, particularly in a younger 
person, the distal vessels are more apt to 
be adequate, the collaterals less well-devel- 
oped, and the viability of the extremity more 
icutely threatened. 

Rapid progression of symptoms may be 
considered a relative indication for surgical 


intervention. 
IV. Age 


Many persons with obliterative disease of 
the aorta and arteries of the lower ex 
tremity will fall within the older-age group, 
but age in itself is of minor importance in 
selecting suitable candidates for operation. 
Persons over 65 have undergone operation 
without incident, but such older patients are 
more apt to have atherosclerotic involvement 
in the small vessels of the extremities, which 
will compromise the benefits to be obtained 
by surgery. The ideal candidate is a young 
person, both because he will better be able 
to tolerate surgery and, of more importance, 
he is less apt to have generalized arterial 


obliterative disease. 


V. Coexisting Atherosclerosis of the Heart, 
Brain, and Kidneys 
Although the major clinical manifesta- 
tions may be in the arterial circulation of 
the lower extremities, atherosclerosis is a 


generalized disease. These factors must be 
given major consideration in evaluating the 
risk and the benefits of surgical intervention. 
In most instances there are historical, lab- 
oratory, and physical findings consistent 
with atherosclerosis of the coronary, renal, 
or cerebral vessels, and each case must be 


(1) 


operative risk; (2) prognosis and life ex- 


evaluated individually on three counts : 


pectancy on the basis of coexisting arterial 
disease other than in the extremity, and (3) 
the possibility of the patient engaging in 
increased activity when the obstructive lesion 
in the legs is corrected. The first two fae 
tors are self-explanatory and differ little 
evaluation for elective 
The third 


however, unique, for little is to be gained 


from medical any 


surgical procedure. factor is, 
if the excellent results of arterial replace 
ment allow the patient to exert himself to 
the point where he experiences anginal pain, 
or more serious signs of coronary insuffi 
ciency. Thus, two of our patients expe 
rienced) myocardial infarction following 
successful aortic resections. The poor prog- 
nosis in this group of patients is reflected 
in the fact that within a 12-month period 
after being evaluated for direct arterial sur 
gery 4 of the 67 patients died of coronary 
thrombosis and 4 other patients died of 
other causes. 

The 


atherosclerosis has been the major reason 


presence of advanced coexisting 
for rejecting candidates for surgery in this 
(Table 2). The 


of patients considered suitable for operation 


study actual percentage 
could be altered at will, depending on how 
frequently one wished to consider direct 
arterial surgery in patients being seen pri- 
marily for atherosclerosis of the heart, kid 
ney, or brain. 

The 


intervention 


ideal candidate for direct surgical 
for obliterative disease of the 
lower extremity is one who has athero- 
sclerosis maximally concentrated in one seg- 
ment of the abdominal aorta, or in the 
vessels of the thigh, but with minimal in- 
volvement of the remainder of the arterial 


tree? 
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VI. Condition of the Artery Distal 
to the Graft Site 


Atherosclerosis is a generalized disease. 
This fundamental fact must constantly be 
considered in evaluation of patients for ex- 
cisional arterial therapy. 

In this series of patients a sharply de- 
marcated segmental atherosclerotic block 
surrounded by completely normal vessel was 
not observed. 
diffuse 


Invariably there has been 
atherosclerosis with a _ variable 
amount of luminal encroachment on each 
side of the segment of maximally diseased 
vessel. Since success in the direct surgical 
approach to arterial obliterative disease de- 
pends largely on the status of the vessels 
distal to the bypassed or excised section of 
artery, evaluation of distal vessel disease is 
of prime importance. Clotting within the 
graft occurs because of poor vascular flow, 
which, in turn, usually is secondary to distal 
obliterative When clotting has 
occurred within the graft, there has in- 


disease. 


variably been evidence of advanced distal 
obliterative disease. The ultimate prognosis 
has then been poor despite embolectomy, 
replacement of the graft, or the immediate 
use of vigorous anticoagulant therapy. 
Since the lack of obliterative disease distal 
to the graft site is so vital to a successful 
operative result, the evaluation of the distal 
Meth- 
include clinical 
evaluation of the distal portion of the ex- 
tremity, radiographic visualization of the 
vessels, and direct exploration of these ves- 


vessels assumes critical importance. 


ods for such evaluation 


sels at operation. 

(A) Physical Examination of the Calf 
and Foot.—The patency of the 
arterial system of the calf and foot often is 


relative 


reflected in both the signs and symptoms 
of ischemia in this area. As has been shown 
by others,} the location of claudication in 
aortic and iliac disease is usually in the 
back, hips, and thighs. Similarly, when 
there is advance obliterative disease in the 
smaller vessels of the calf and foot, claudi- 
cation occurs at this point. Localization of 


+ References 4, 7, and 8. 
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symptoms at this point suggests a poor prog- 
nosis for direct surgical approach on more 
proximally located vessels. Only occasion- 
ally will patients with moderate peripheral 
disease and advanced obstruction of the iliac 
vessels complain of calf claudication. 

Signs of tissue ischemia in the calf and 
foot, such as muscle wasting, atrophic skin 
changes, lack of hair, and slow toenail 
growth, indicate obliterative disease in the 
vessels of this area. Persons with healthy- 
looking feet and legs and showing none of 
these changes normally have minimal small- 
vessel disease in the lower leg and are good 
candidates for aortic or 
replacement. 


femoral arterial 

Examination of the pulse in the lower 
extremity has been of limited value in 
selecting patients for operation. In most 
instances where claudication is sufficiently 
disabling to consider surgical therapy, the 
pulses distal to the femoral region are ab- 
sent. Where femoral arterial bypass is 
being considered, the presence of a strong 
femoral pulse is some assurance that an 
adequate proximal blood flow is guaranteed. 
A bruit or audible systolic murmur over a 
major arterial segment indicates partial ob- 
struction of the lumen in that area. 

(B) Aortographic Findings.—Radiologic 
visualization of the diseased vessels is usu- 
ally unnecessary to establish a diagnosis of 
atherosclerotic obliteration of the 
With 


attention to the location of the discomfort 


larger 
vessels. increased experience and 
resulting from exercise, the proximal level 
of maximal obliteration normally can be 
predicted. The proximal level of block is, 
however, of relatively little importance in 
the aorta, since atherosclerotic plugs can 
be removed by endarterectomy even when 
they extend proximal to the renal vessels. 
In the preoperative evaluation of persons 
with femoral arterial block, the most prox- 
imal level of obliterative disease is of much 
greater significance, since the proximal end 
of the graft must lie at a point where there 
is adequate blood flow. 

The major benefit of aortography and 
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ARTERIAL RESECTION IN ATHEROSCLEROSIS 


arteriography, therefore, is the information 
it furnishes as to the extent of the oblitera- 
tive disease distal to the main point of 
obstruction—a factor which we have found 
to be of overwhelming importance in deter- 
mining the continued patency of a vessel 
graft. 

Arteriography also furnishes information 
as to the extent and location of collateral 
vessels around the arterial block—a helpful 
preoperative aid in planning the operative 
procedure and avoiding the loss of impor- 
tant collateral vessels. 

(C) Operative Exploration. — Routine 
femoral artery exploration was performed 
in the earlier aortic resections, but it was 
soon learned that in most cases the status 
of these vessels could be predicted by other 
means. Occasionally, when it is suspected 
that distal vessel involvement is so severe 
as to contraindicate aortic resection, the 
femoral artery is visualized, palpated, and, 
if necessary, the lumen is openly inspected. 
Such procedures have become progressively 
less frequent, but on two occasions aortic 
resection was rejected after such explora- 
tion. 

Where major obstruction is in the femo 
ral vessels, on the other hand, the distal 
end of the vessel is routinely first explored, 
for in these cases major disease is fre- 
quently found extending below the popliteal 
region. On three occasions further surgical 
efforts were abandoned when preliminary 
exploration of the popliteal artery showed 
total obliteration of the 


total or almost 


lumen. 
Summary 


The indications for excision or bypass 
of the aorta and great vessels of the lower 
extremities for atherosclerotic disease are 
reviewed on the basis of a series of 67 
patients, of whom 25 were selected for 


operation. 





The factors considered in this elective 
procedure are morbidity and mortality, age, 
natural history of the untreated disease, 
degree of incapacitation, progress of symp- 
toms, evidence of disease distal to the point 
of surgical attack, arteriographic findings, 
and evidence of disease elsewhere. 

It is emphasized that atherosclerosis is a 
generalized disease and that relatively few 
patients suffering ischemia of the 
lower extremity are suitable candidates for 


from 
surgical excisional or bypass therapy. 
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The bypass principle in the treatment of 
segmental vascular occlusions was appar 
ently initiated by Kunlin and associates ! in 
1951, who employed an autologous vein to 
bridge an arterial occlusion. However, only 
in the past year or two, with the use of 
homologous arterial grafts, has the prin- 
ciple enjoyed widespread acceptance and 
application. The arterial graft seems to 
have definite advantages over the venous 
graft. Several American surgeons * have 
already reported quotable success in large 
series of patients with arteriosclerotic oc- 
clusive disease of the lower extremities 
treated by bypass arterial grafts. 

Reasons for the popularity of this method 
are obvious. The risks inherent in endarter- 
ectomy or in arterial resection with graft 
replacement appear to be virtually absent in 
the bypass operation. [¢xisting circulation 
is not disturbed and is therefore not en 
dangered. The incidence of failure appears 
to be less than that of other procedures. 
Unless an occlusion progresses rapidly in 
the host vessel, failure of a bypass graft 
results in no worse circulatory status than 
had been present prior to surgery. Reoper- 
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ation in the event of failure is usually 
feasible and may be successful. The sim- 
plicity of the technique makes the operation 
adaptable by a large number of surgeons. 

Shaw and Wheelock ® used resection and 
end-to-end anastomosis of an arterial graft 
for occluded segments of 15 cm. or less; 
for longer occlusions they employed end 
to-end anastomosis above or below, with 
bypass and end-to-side anastomosis to the 
host vessel at the opposite end of the graft: 
for occlusions extending as high as_ the 
origin of the superficial femoral artery they 
employed end-to-side bypass grafts. Craw- 
ford and associates * resected and grafted 
short arterial blocks with the end-to-end 
technique, but employed the bypass prin- 
ciple for longer occlusions. 

We applied the bypass technique to short 
as well as to long arterial occlusions on the 
premise that anastomoses can thus be made 
far enough away from the occlusion prox 
imally and distally to assure working with 
the best possible arterial wall in the host, 
and with minimal dissection. lurthermore, 
in an effort to establish limitations of the 
procedure, we performed it in certain bor- 
derline cases in which the peripheral vascu- 
lar bed was of questionable patency. 

We now perform routine arteriographic 
examination of every patient with symp 
tomatic occlusion, provided no contraindica 
tion exists. We believe that only by this 
means can patients suitable for direct sur- 
gery be separated from those for whom 
conservative therapy or sympathectomy ts 


more desirable. 
Clinical Data 


The proportion of patients with ischemic 
symptoms who demonstrate segmental oc- 
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clusive lesions is apparently higher than 
usually supposed. Szilagyi and Overhulse ° 
found that 10% to 15% of their patients 
with symptomatic inadequacy of blood sup- 
ply to the legs had segmental blocks. Shaw 
and Wheelock ® found that 25% of femoral 
artery occlusions were segmental in nature. 
Crawford and co-workers* report that the 
segmental blocks existed in some 50% of 
femoral artery occlusions and in nearly all 
patients with inadequate iliac arterial flow. 

In our experience, 78.3% of patients with 
ischemic symptoms of the legs exhibited 
occluded femoral or iliac arteries. Of this 
group, 74.2% were suitable for bypass sur- 
gery. ‘Thus, the patients considered suitable 
for operation by roentgenographic criteria 
comprised 50% of 46 extremities subjected 
to arteriographic examination. 

We have performed 19 bypass procedures 
The 


patients ranged in age from 46 to 69, and 


upon 17 extremities in 15 patients. 
all but one were men. In each instance the 


indication for surgery was intermittent 
claudication or ischemic pain of other types 
associated with an impalpable pulse distal 
to the occlusion. One patient had gangrene 
of the great toe. The occlusion was in the 
femoral artery in 16 extremities, in the iliac 
artery in 2, and in the iliac-femoral-popli 
teal in 1. 


that of 


The pathology in every case was 


occlusive arteriosclerotic disease. 
Arteriography was done by the transaortic 
route in about one-third of the patients, 
and retrograde through a pulsating femoral 


artery in two-thirds. 
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The occlusions varied from 2.5 cm. in 
length to total absence of a lumen from 
the aortic bifurcation to the popliteal artery. 
The vast majority occurred in the femoral 
artery. The distal run-off was estimated as 
poor in two extremities and fair in three. 
The remaining cases appeared to have an 
adequate distal vascular bed. 

Calf the 
varied from a claudication distance of less 
than 25 ft. to 3000 ft. at 120 measured steps 
minute. 


pain in preoperative period 


per Other preoperative measure- 
ments included oscillometric and skin tem 
perature tests. 

Patients were denied bypass surgery only 
for the following reasons: (1) myocardial 
damage of such severity that improvement 
in circulation to the legs may have led to 
the 


could tolerate; (2) almost complete absence 


more ambulation than cardiac status 


of distal arterial run-off; (3) total absence 
of popliteal artery lumen. 


Surgical Technique 


Material for grafting consisted of femoral and 
iliac arteries which were obtained from qualified 
cadaver material and preserved by lyophilization 
according to a technique previously described 
lf the bypass was to extend from the region of 
the upper thigh to the popliteal area, two limited 
incisions were 


similar to the method de- 


scribed by others} (Fig. 1). 


used, 
Even when the ac 
tual occlusion appeared only a few centimeters 
in length, the lumen of the vessel proximally and 
distally was often so narrowed by arteriosclerotic 


plaques that a long graft was employed to extend 


and 8 
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Fig. 1 


femoral-popliteal 


Incisions for 
by pass 


graft. Upper incision is 








closed before patient is 








turned over 








from well above the occlusion to a suitable site 
below. In four instances it was necessary to 
anastomose graft to graft in order to obtain suf- 
ficient length for the bypass. If the graft extended 
from the iliac to the femoral arteries, the iliac 
exposure was made abdominally and a separate 
incision was made over the femoral area. The 
graft was then threaded through the femoral 
canal, which was slightly widened by finger dis- 
section. Short femoral-to-femoral grafts can often 
be handled through a single incision, although in 
our series all cases were done with two or more 
incisions. 

The upper anastomosis was made first in 13 
instances, while in 8 the lower area was explored 
first. After selecting an appropriate site on the 
host vessel, the vessel was mobilized and a proxi- 
mal clamp was applied. A dose of 5 cc. of 20% 
heparin solution was injected distal to the clamp 
in order to maintain patency of collateral chan- 
nels.{ Clamps were then applied above and _ be- 
low the site of anastomosis. An oval window was 
cut in the host vessel, and the end of the homo- 


t{ Three early patients also received systemic 
heparin during surgery 
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Fig. 2—Method of shaping 
end of arterial homograft to 


permit flare of vessel after 
anastomosis (14, B, C). Oval 
window cut in host vessel and 
method of anastomosis (2A, B, 
C, D). In some cases an 
everting over-and-over suture 
is used for the anastomosis. 
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graft prepared in the manner shown in Figure 2 
This technique, essentially that of Linton,” has 
the advantage of permitting a wider flare than an 
Everting stitches 
were placed at the lower and upper ends of the 
oval to attach the graft to the side of the vessel 
The anastomotic row of stitches was then com- 
pleted either by a continuous over-and-over suture 
or by an everting in-and-out suture. In the aorta 
and iliac arteries 0000 arterial silk was used, and in 
the femoral and popliteal arteries, 00000 arterial 
silk. 

After completion of the upper anastomosis, the 
graft was filled with heparin solution § and any 
With a clamp on the distal end 
of the graft the clamps were removed from the 
host vessel, allowing pulsating blood to fill the 
graft. Any imperfections in the anastomosis were 
now repaired, either by an extra stitch or by 
The tunnel through which the 
homograft was to course was then developed by 


ordinary bias cut. keystone 


leaks repaired. 


simple pressure. 


the fingers or by a large probe. When anastomoses 
to the popliteal artery required turning the pa- 
tient, the distal end of the graft was brought out 
through a small incision at the medial aspect of 
the upper popliteal area, and the upper skin inci- 
sion was closed. The popliteal exposure was 
made through a horizontal S-shaped incision con- 
necting with the small incision through which 
the pulsating graft had been brought previously 
After exposure of the popliteal artery the graft 
was usually passed under the tendons of the 
medial length 
was removed from the graft, and the anastomosis 
between graft and popliteal artery was carried 
out in the same manner as described above. 


hamstring muscles. The excess 


The wounds were closed without drainage. 

The wounds were dressed with gauze and elas- 
tic adhesive plaster, care being taken not to en- 
circle the limb. 

If the bypass was not brought to the popliteal 
area, ambulation was usually allowed in 48 to 72 
hours. Patients in whom the graft extended to the 
popliteal artery were kept in bed for five days 
before permitting graded ambulation. 


Results 


Published results with the bypass homo 
graft procedure are at great variance. Craw 
ford and associates * report an 86% success 
with their cases of femoral artery grafts. 
most of which were followed for from six 
months to two years. Hoye and Warren,* 
on the other hand, report that none of their 
five end-to-side bypass procedures (includ- 


§ Twenty milligrams per 10 cc. isotonic solution 
of sodium chloride. 





15 


tre 


in 
m: 
fu 
ev 


de 






a oe SS i So 


a<= @ 





ing those mentioned in the addendum) re- 
mained patent for more than a year. Four 
were occluded in about six months. 

We have analyzed our results on the 
basis of immediate and delayed effects. Suc- 
cess or failure was determined by the 
presence or absence of a restored pulse 
distal to the graft. Of the 19 bypass grafts, 
15 resulted in a restored distal pulse in the 
treated extremity. In 14 instances (73.7% 
of the total) either or both the dorsalis 
pedis or posterior tibial pulses at the ankle 
were restored shortly after surgery. In 
one, the popliteal artery below the graft 
had good pulsations not previously present, 
but the ankle pulses remained absent. The 
pulses returned immediately upon comple- 
tion of surgery in 11 of the 15 initially 
successful cases, while in the other 4, the 
pulses returned in from four hours to seven 
Of the 19 grafted 
extremities, 10 were followed for more than 


days postoperatively. 


six months; the last 9 cases were done less 
than six months prior to this writing. 

Of the cases followed 6 to 10 months, 
there were four delayed failures, two due 
ty occlusion (4 months and 2 weeks, respec- 
tively, following surgery, both in the same 
extremity), and two due to rupture of the 
graft 6 days and 3 weeks postoperatively. 
These cases are described in detail below. 

The over-all failure rate, then, including 
4 immediate and 4 delayed failures was 8 
out of 19, or 42.1%. 


Data on Immediate and Delayed E fects 


| 
Total 
Bypass Immediate | Immediate 
Grafts Success | Failure 
| 
} | 
] 19 j 15 4 


Symptomatic Improvement.—All patients 
in whom a distal pulsation returned were 
markedly improved in their ability to walk 


further than before. Pain was relieved in 


every case but one, in which a moderate 
degree of heel pain persisted. 
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Some subjective or objective evidence of 
symptomatic improvement was noted in two 
of the so-called failures, as shown by a 
lengthened claudication distance. In one of 
these cases the skin temperature improved 
and remained higher than in preoperative 
measurements. In three failures a subse- 
quent sympathectomy was performed, while 
in two a new bypass was inserted around 
the previous one. 

Complications.—1. Postoperative Edema: 
This unexpected but interesting complica- 
tion was encountered as a_ persistent 
symptom after 10 (66.7%) otherwise im 
mediately successful grafts. In these pa 
tients the edema was persistent enough to 
present a therapeutic problem. In practic- 
ally every case a transient edema, lasting 
48 to 72 hours, occurred. Persistent edema. 
lasting from one week to four months fol 
lowing revascularization of an extremity, 
has been given almost no attention in pre 
vious reports. 

Search for the cause of the edema indi 
cated that it was not 
lymphatic stasis. 


due to venous or 
Analysis of our cases 
revealed that in 8 of the 10 extremities a 
bypass graft of over 30 cm. in length had 
been inserted. In most of these instances 
there was a marked difference between the 
caliber of the host vessel above the occlu- 
sion and that of the host vessel below. Thus, 
a large column of strongly pulsating blood 
was being forced through a new conduit, 


with the Bypass Homograft Procedure 


Total 
Delayed Successful Total 
Failure | Results Failures 
| oT | | 
| 4 ll 8 } 
} 6 days, 58.9%) (42.1% 
2 wk., ‘ : 
3 wk.., 
4 mo. 


without intervening branches, into a narrow 
channel The resultant strain upon 
the small vessels of the outflow bed con 
ceivably caused 


below. 


increased arteriolar and 
capillary permeability and resultant edema. 


This supposition was supported by the 
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Fig. 3. 
fact that in two instances of delayed occlu 
sion of a graft following surgery edema of 
the foot and ankle disappeared within a 
few hours after the graft became occluded. 

2. Bleeding: In three of the patients 
operated upon early in the series, systemic 
heparinization was instituted during sur 
gery. In one of these patients a retroperi 
toneal hematoma and paralytic ileus devel- 
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Bypass graft from common iliac to femoral artery, passing through femoral canal 


oped after insertion of an_ iliac-to-femoral 
bypass graft. In another, a hematoma de- 
veloped in the upper thigh wound after a 
femoral-to-popliteal bypass; this graft rup- 
tured near the upper anastomosis three 
weeks postoperatively. The third patient 
subjected to systemic heparinization devel- 
oped no complications. Needless to say, the 
practice of systemic heparinization during 


. M. A. ARCHIVES OF SURGERY 

















BYPASS HOMOGRAIT IN ARTERIAL 


or after surgery was discontinued in sub- 
sequent patients. However, the local instil 
lation of heparin into the distal host vessel 
at the time of surgical occlusion is_ still 
considered very essential. 

In addition to the ruptured graft men 


tioned above, one additional graft ruptured. 


This patient had had a bifurcation bypass 


to upper popliteal artery. 





OCCLUSION 





from the aorta to common femoral artery 
on the left side and to the popliteal artery 
on the right. Six days postoperatively the 
long graft on the right ruptured in the 
midfemoral area. The segment was excised 
and replaced, end-to-end, by an intimecto 
host femoral 


mized strip of artery, but 


without success, 














Fig. 4—Example of excellent distal run-off. Bypass graft extends from common femoral 
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Analysis of Failures. — A retrospective arteriograms. As our experience grows, 
analysis of both the immediate and delayed judgment of the adequacy of the distal mi 


: — j , . 7 ; to 
failures was made - “. effort to ye arterial tree is becoming more accurate. da 
atients and tech- “ : : . . 

_— future sclection of pat One of the patients with an immediate . 
niques of therapy. Hliians Dial Sel iia call ail ve 
In three of the four immediate failures, ‘@!UT¢ Nad had a previous end-to-end vein ar 


the distal runoff was considered poor to 8taft placed in the femoral artery at another 
fair after reexamination of the preoperative institution, without success. 




















ba 
d 
t 
i 
+ 
Fig. 5.—Retrograde arteriography done through femoral artery on unaffected side. Graft 


bypasses all questionable areas of the femoral artery. Distal run-off fair to poor. Distal 
pulses did not return in this case. 
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Technical error resulted in the other im- 
mediate failure. This patient was subjected 
to a percutaneous femoral arteriogram the 
The arteriogram re- 


day before surgery. 
vealed a segmental occlusion in the femoral 
artery with excellent distal run-off. How- 





hie 


Wye ar 





Chao aie 


ever, at the time of surgery a thrombus 
was found to fill the entire femoral artery. 
This was aspirated and the operation com- 
pleted, but pulses did not return below 
the graft. We believe that it was an error 
to do the arterial puncture and injection of 








Fig. 6—Bilateral occlusion of femoral artery. Extremity on the left (patient’s right) 
shows virtually no popliteal lumen, therefore is not amenable to bypass surgery. The other 
extremity shows fairly good popliteal run-off. Graft placed from common femoral to popliteal 


artery. 








radiopaque medium on the same side and in 
approximately the same area of the con- 
templated surgery. 

Of the four delayed failures, two were 
mentioned above. One patient had an ap- 


result, with excellent 


parently successful 





Fig. 7. 


side, and to popliteal artery on opposite side. 
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pulsations at the ankle for three weeks. A 
large hematoma had developed in the upper 
thigh wound shortly after surgery owing 
to systemic heparinization. This was evacu- 
ated, but local proteolysis eventually resulted 


in rupture of the graft. A secondary graft 





Bifurcation bypass graft from aorta to common femoral artery on patient's left 
Good pulses restored to both extremities, until 


large graft ruptured in midfemoral area after six days. At emergency reoperation, segment 


of occluded host vessel (. 


and was sutured into graft (.4'). See Text. 
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1) was intimectomized (because new homograft was unavailable) 





Wa 


wi 











was later placed around the initial graft, 
with a successful outcome. 

The other previously mentioned delayed 
failure occurred six days postoperatively, 
apparently the result of a defect in the 
graft, resulting in rupture. 

The other two delayed failures occurred 


Fig. 8. 
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in one patient. His first graft functioned 


very satisfactorily for four months, at 
which time it suddenly became occluded 
while the patient was walking. The sudden- 
ness of the occlusion knocked him down. 
Prior to surgery, the run-off appeared ex- 


cellent. We concluded, therefore, that the 





«2nd graft 





Proteolysis following hematoma at site of upper anastomosis resulted in rupture of 


first graft and erosion of host vessels, necessitating ligature of common femoral artery, and 
obligatory secondary bypass from external iliac artery to popliteal artery. Satisfactory result. 
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graft may have become occluded by 
an embolus. Subsequent sympathectomy 
yielded no improvement. After several 


weeks a secondary bypass procedure was 
done, this time in the presence of only fair 
distal circulation. The second graft was 
successful for exactly two weeks until it, 
too, suddenly became occluded. The sudden 
nature of the two occlusions of this patient’s 
grafts indicates that they may have been 
due to embolization of displaced arterio- 
sclerotic plaques from the host vessel above. 

Summary of the failures indicates that 
the prime cause of failure is inadequacy of 
the circulation distal to the segmental occlu- 
sion. Choice of candidates for bypass sur- 
gery should be governed by this important 
consideration. 

Secondary Surgical Procedures —An ad- 
vantage of the bypass procedure is the feas- 
ibility of performing a secondary bypass in 
the event of failure, without endangering 
collateral channels. As mentioned above, 
we performed two such secondary proce- 
dures, one following rupture of a graft, 
and one following occlusion. The former 
was successful, the latter failed after two 
weeks. 

Three of the failures in our series were 
subjected to lumbar sympathectomy. It re- 
sulted in questionable-to-fair symptomatic 
improvement. 


Comment 

Application of the bypass principle to 
arterial occlusions of several different types 
has given us an opportunity to study its 
advantages as well as its limitations. Be- 
cause of its relatively simple technique and 
negligible risk, the end-to-side bypass lends 
itself readily to virtually any type of seg- 
mental arterial occlusion in the lower ex- 
tremity. Selection of patients with adequate 
peripheral run-off appears to be of prime 
importance, although many with less than 
adequate distal circulation obtain some bene- 
fit. Some of these patients recover a distal 
pulse but develop postoperative edema of 
the foot and ankle; others do not experience 
a resumption of distal pulse. While long 
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grafts usually succeed, there appears to be 
a greater risk of failure in long grafts, 
particularly those anastomosed to the lower 
portion of the popliteal artery. A direct 
relationship between the inadequacy of the 
peripheral small vessel bed and the extent 
of popliteal artery occlusion seems evident. 
Thus when only the most distal portion of 
the popliteal artery appears patent on the 
arteriogram, the outflow bed is usually in- 
adequate. Also, the anatomic position of the 
low anastomosis may be conducive to early 
secondary blockage because of the motion 
of the knee joint. Poor outflow from the 
anterior and posterior tibial artery branches 
occasionally exists even in the presence of 
a good length of reasonably patent lumen in 
the popliteal artery. 

Patients with severe cardiac, renal, or 
pulmonary disease were usually not ac- 
cepted for merely because of 
claudication. Additional activity and ability 
to walk only would have added to the 
burdens of their cardiac or other disease. 


surgery 


Nonetheless, many poor-risk patients can 
tolerate bypass surgery of the lower ex 
tremities extremely well, because the pro- 
cedure may be carried out entirely under 
local anesthesia. Ten of our patients were 
handled in this manner. 

In addition to the advantages of preserva 
tion of collateral flow, limited dissection, 
and negligible risk to life and limb, the 
bypass procedure is amenable to secondary 
surgery when necessary. It is possible to 
successfully bypass a bypass provided a 
reasonably good distal arterial bed remains. 
[f secondary direct surgery is not deemed 
feasible, one may resort to sympathectomy. 

Long-term follow-up is planned in order 
to determine (a) the incidence of sclerotic 
changes in the grafts; (b) the maintenance 
of patency of the graft; (c) the persistence 
of patency in the distal small vessel arterial 
bed, and (d) the natural history of patients 


with grafts as compared with patients 
treated by indirect methods. 

Summary 
A high percentage of patients with 
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ischemic symptoms of the lower extremities 
have segmental arterial occlusions amenable 
to bypass surgery. 

The bypass procedure appears to have 
wide applicability because of its several ad- 
vantages. 

The crucial factor in the success of by- 
pass arterial surgery appears to be the ade- 
quacy of the distal circulatory bed. 

Postoperative edema often develops fol- 
lowing surgery, especially when the graft 
is long and when the distal host vessel is 
narrowed. 

Immediate success in restoring distal pul- 
sations was obtained in 15 of 19 bypass 
grafts. Four delayed failures occurred six 
days to four months postoperatively, two 
due to delayed occlusion and two due to 
rupture. 

The circulatory status of the limb sub 
jected to surgery was not worsened in any 
case, regardless of failure of a graft to 
function. There was no mortality. 

In some instances of failure to restore 
pulses to the ankle vessels, symptomatic 
improvement was‘seen nonetheless. 

Reoperation was carried out in two in- 
with one successful 


stances of failure, 


result. 


Addendum 


None of the results described in this 
series of bypass operations have changed in 
the six months subsequent to the initial 


writing. 
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DISCUSSION 


On Papers BY Drs. EISEMAN, RAINER, MALETTE, 
AND HUFFMAN; AND LAUFMAN, Hogar, 
BERNHARD, AND TRIPPEL 
Dr. R. E. Taser, Iowa City: I think it is diffi- 
cult to talk about this surgery without 
talking indications, as Dr. Ejiseman 

stated. 


type of 
about the 


I should like to show you briefly a technique 
that we are using for aortography which has been 
of distinct help to us in selecting these patients 
for surgical treatment 

[Slide] We believe that the adaptations and 
simplifications of this technique, which is not 
original with us, have made it a reasonably prac- 
tical procedure to carry out on almost any patient 
who is to be evaluated for this type of surgery. 
We have not used it on patients who are being 
considered for 


resection of aneurysms nearly as 


frequently as we did in the past. However, pa- 
tients whom we consider for lumbar sympathec- 
tomy or some type of direct arterial surgery have 
been studied by this technique. 

An x-ray table is used which allows adequate 
clearance of the x-ray tube, which is a distance of 
4 to 5 feet above the table. We use a wedge- 
shaped filter made out of aluminum, placed across 
the outlet of the tube at this point, and this gives 
a difference in radiation penetration in the ex 
tremities as compared with the thicker abdomen 
and lower chest 
Two 
Lysohlm grids are taped together on top of the 
cassette tunnel. 


The cassette tunnel is made of plywood. 


Through the tunnel we pass the 
[Slide], which are 12”X36” in 


Four cassettes are passed by a team of 


X-ray cassettes 
size. 
x-ray technicians through the tunnel in a period 
of 8 to 10 seconds. Visualization of the arterial 


tree is possible from the level of the diaphragm 
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to the junction of the middle and upper thirds of 
the calf in the majority of patients. 

{Slide} This shows an aortic bifurcation block 
extending proximally to the inferior mesenteric 
The thigh and upper calf 
vessels are visualized to this level. 

Dr. D. Emerick Szitacyi, Detroit: Dr. Lauf- 


artery at this point. 


man very kindly asked me to comment on his 
paper dealing with the complete fermoral bypass 
operation. Before doing so, however, I should 
like to say a word about Dr. Eiseman’s paper 
which impressed me very much with its forceful 
and clear presentation. I regret to say that I do 
not agree with some of its conclusions 

grafting therapy for 


peripheral occlusive arterial diseases comprises 120 


Our experience with 


operations performed during the past three years 
The fact that these cases were selected from 
among the group of about 100 lesions with seg- 
mental occlusion clearly shows that our operative 
Whereas Dr 
finds 40% of his cases suitable for direct surgical 


indications are different. EFiseman 
approach, our proportion is nearer 80%. Such a 
wide discrepancy may partly be due to differences 
in clinical material, but perhaps more importantly 
it must result from a different philosophy in in 
terpreting the factors, so well listed by Dr. Eise- 
man, that one must weigh in selecting cases for 
operative treatment. Since time does not allow 
the analysis of these factors one by one, | should 
like to summarize very briefly our own operative 
indications. 

It should be stressed that the mere presence ot 
a segmental occlusion in an angiogram is not an 
indication for grafting therapy. If, however, the 
patient’s symptoms are severe enough to  inter- 
fere with his mode of life ¢ 


r in particular with 
his occupation, one is justified in considering cor 
rective surgery. If by angiography the inflow 
and outflow tracts proximally and distally to the 
occlusion seem adequate to assure patency of 
graft, surgical exploration is in order; and if 
the operative findings confirm the angiographic 
appearances, the insertion of a graft by an ap- 
propriate technique is indicated. From this situa- 


tion one proceeds by stages to the case where 





gangrene of the extremity is impending and 
where, in order to save the limb, a grafting pro- 
cedure is called for, even in the presence of less 
anatomical and 


than — satisfactory pathological 


findings. The grafting operations performed on 
the basis of these criteria showed an immediate 
success rate of about 80%, and long-term cumu- 
lative results over three years of about 70%. 
The complete femoral bypass operation that 
Dr. Laufman has presented is an excellent pro- 
cedure in selected cases. Since the end-to-side 


anastomosis that this technique requires both 


proximally and distally is hemodynamically some- 
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what less effcient than end-to-end anastomosis, we 
in general prefer techniques employing the latter, 
In some situations, however, the bypass operation 
is the procedure of choice, since it spares im- 
portant collaterals that would be destroyed or 
imperiled by procedures utilizing end-to-end anas- 
tomosis with transection of the femoral trunk. 
We think, however, that it is more physiological 
and safer to place the bypass graft deep to the 
sartorius, even though this requires a small amount 
of added dissection. 

Dr. JosEpHUS C. LuKE, Montreal, Canada: 
May I present our experience with this end-to- 
side bypass technique. Since June, 1955, we have 
done 14 segmental occlusions of the femoral artery 
by this method. All were done for intermittent 
claudication in the calf. One graft closed four 
weeks after operation, but the remainder to date 
have maintained a pedal pulse. Prior to June we 
were doing end-to-end anastomoses and our fail- 
ure rate was about 50%; so I think we can say 
with assurance that the end-to-side technique has 
markedly improved this operation. 

I should also like to mention seven other cases 
where this technique has been carried to an ex 
treme degree in an effort to obviate a supra- 
amputation. All 
ischemic feet with areas of gangrene on toes or 


condylar seven had _ severely 


heel which had not responded to conservative 
therapy. Arteriograms on these people reveal, in 
each case, occlusion of the profunda branch with 
a segmental occlusion of the femoral. The pat 
ent vessels showed marked arteriosclerosis. End- 
to-side bypass homografts were placed about the 
occluded femoral segment. Initially, in every case, 
the foot circulation was markedly improved with 
disappearance of the foot pain and increase in 
temperature. However, one graft occluded in 
eight days and one in three weeks with resulting 
above-knee amputation. The other five have warm 
feet but no return of distal pulses, and have now 
a good viable leg. Local toe amputations were 
done in two cases at time of grafting, and in 
the others the gangrenous spots have demarcated 
and healed or are healing. 

Dr. Joun J. CrAN LEY, Cincinnati: I should 
like to second the plea of Dr. Ejiseman that the 
diagnosis of obliterative arterial disease, or of 
aortic aneurysm, is in itself not an indication for 
operation. 

In regard to the lower extremity, a vast differ- 
ence exists between arterial insufficiency of mus- 
Although 
this may be only quantitative, it is of great clini- 
cal importance because there must be thousands, 
possibly millions, of people in the older age group 
who have intermittent claudication but who are in 
no danger of losing their legs. Intermittent claudi- 
cation establishes the diagnosis of obliterative 


cle and arterial insufficiency of skin. 
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arterial disease but is, in itself, never an indica- 
tion for an amputation. Therefore, the need of 
the patient to improve his walking ability must be 
considered before subjecting him to an operative 
procedure 

Another point to be remembered is that the 
disease is not always progressive clinically, even 
though it may be considered progressive from a 
pathological point of view. This is because the 
clinician is interested in the total circulation of 
the extremity, and if the collateral circulation is 
able to compensate for the occlusion of the major 
artery, the limb is in no danger of developing 
ischemic necrosis. 

After one has decided that insertion of an ar- 
terial graft is desirable, an arteriogram is indi- 
cated to determine whether or not a good out- 
flow tract exists. 

In regard to aneurysms, two years ago Dr. 
Herrmann and I presented a paper before this 
Natural Aortic 


Aneurysms. The unpleasant fact is that when 


association on the History of 


we analyzed every single case of aneurysm of 
the abdominal aorta due to arteriosclerosis found 
at autopsy during a 25-year period at the Cin- 
cinnati General Hospital, only 25% of these pa 
tients died of their aneurysm. However, our ob- 
servations suggest that once a patient with an 
aortic aneurysm developed symptoms, operation is 
indicated 
Dr. JOHN should 


Hursr Otwtn, Chicago: | 


like to congratulate Dr. Laufman and his asso- 
ciates on a very fine presentation. I should like 
to tell vou briefly about one case that illustrates 
perhaps four principles involving this technique 
One is that you can use a bypass technique on 
patients with rather severe atherosclerosis. 

The second is the importance of allowing 
enough time from the initial injection of dye to 
fill the possibly open lower segments; the third is 
the possibility of using this technique in the pres- 
ence of rather severe gangrene of the foot with 
salvage of the extremity, and, fourth, the possi- 
bility or even necessity of improvising in the way 
of grafts. These are the four principles. 

Nine days ago we operated on a man 61 years 
of age with a block of both common iliac arteries, 
with gangrene of his foot with pain requiring nar- 
cotics, and these not being too successful in re- 
lieving the pain. We used a child’s aorta from 
the common iliac, leading it down through the 
femoral canal and then using a segment of his 
own saphenous vein, reversed, of course, to bring 
the graft down to the popliteal artery 


[Slide] This shows the block of both iliac 


HOMOGRAIFT IN: ARTERIAL OCCLUSION 








degree of 


arteries. You can see an extreme 


atherosclerosis in this whole area. You can see 
that the profunda is involved here, and not in- 
volved very much in this other area 

[Slide] This slide atherosclerosis 
with the profunda showing here, and none of the 


shows the 
collaterals. You can just begin to see an open 
segment here. 

[Slide] Here you see a better showing of the 
segment, with the channels showing up here 

This patient’s pain was relieved as soon as he 
was awake after the anesthesia. Pulses were 
present in his foot, and the large area of gan- 
grenous ulcer on the dorsum of his foot after 
seven days of observation has narrowed to about 
one-half, and it looks as though he is going to 
be able to keep his foot. Five weeks after sur- 
gery the gangrene had healed, and the leg and 
foot were symptoms-free. 

Dr. Harotp LAUFMAN, Chicago: I should like 
to thank all of the discussants for their kind re 
marks. 

The percentage of suitable patients for bypass 
surgery is considerably less than the percentage 
of patients with proved segmental occlusions. I 
won't go into the contraindications as we have 
established them, but they will appear in the final 
paper. 

Whereas 


arteriographed showed segmental occlusions, ac- 


some 75% of all the patients we 
tually we do not operate on more than 50% 


Sometimes there are indications for one pro 
cedure in one leg and another procedure in the 
other leg. We have had patients in whom one 
leg is suitable for sympathectomy, if anything, 
and the other leg suitable for bypass 

Long-term follow-up, of course, is of the ut 
most importance. We must find out what hap 
pens to these patients, as compared with patients 
either unoperated on or subjected to other pro- 
cedures. 

General sclerosis is not in itself the reason tor 


Many 


patients with general sclerosis but with complete 


creating a good vascular channel in the leg. 


occlusion in a leg can be rehabilitated by giving 
them a good leg, provided there are no other 
medical contraindications. 

The important thing that should be stressed is 
that the bypass graft carries with it no risk to 
limb and no risk to life, in our experience. You 
will notice that all of our patients have well 
established collaterals, so that by the time they 
are operated on all the collaterals they are going 
to establish by themselves have been established 
already, and we must give them some help 
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The inability to acquire satisfactory num- 
bers of arterial homografts continues to 
spur the search for an adequate substitute. 
Such a substitute should possess the quali- 
ties of homografts which make them suit- 
able for the correction of arterial aneurysms 
and occlusions. The ease of procuring ani- 
mal arteries having a structure and disten- 
sibility similar to those of human arteries 
naturally has led to their consideration as 
vascular grafts. Carrel? first demonstrated 
the feasibility of using heterografts to 
bridge arterial defects in animals. How- 
ever, in general, arterial heterotransplanta- 
tion has been less successful than homo- 
transplantation. This difference may be 
related, at least in part, to an immune re- 
sponse by the host. This investigation is 
an attempt to discover a method of altering 
animal arteries which will reduce the se- 
verity of the host’s immune response to 
them without significant alteration of their 
structural integrity. 

This is a preliminary report concerning 
the effect of controlled enzymatic digestions 
of equine carotid arteries upon their func- 
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tionality from the standpoints of their dis- 
tensibility and antigenicity. Horse carotid 
arteries were used because of their size, 
uniform caliber, length, paucity of branches, 
and their rich elastic tissue network. 


Methods 


A. Methods of Enzymatic Digestion—The 
techniques of the digestions of equine arterial tis- 
sue with pepsin, trypsin, and papain were as fol- 
lows: 

1. Pepsin *: The filtrates of horse artery homo- 
genates used in the serologic reactions shown in 
Table 2A were partially digested by incubating 
a 1:1 mixture of the filtrate and a 0.1% suspension 
of crystalline pepsin for three hours at 37 C in 
aminoacetic acid-HCl buffer (pH 2.0, ionic 
strength 0.07). The reaction was stopped by di 
lution with sodium bicarbonate to pH 7.6. Intact 
arteries were digested in 0.1% pepsin suspension in 
a variety of buffers. For the serologic reactions 
shown in Table 2B, arterial segments were di- 
gested in aminoacetic acid-HC1 as above or in a 
mixture of KCl and HCl at pH 2.0 with ionic 
strength of 0.1. The latter method was used to 
study the relationship of time and temperature to 
the amount of digestion of arterial tissue. 

2. Trypsin: A 0.1% suspension of crystalline 
trypsin in citrate-phosphate buffer (pH 7.8) was 
used to digest both the filtrates and the whole 
artery tissue. 

3. Papain: A 0.1% suspension of crystalline 
papain in citrate-phosphate buffer (pH 6.0) was 
brought to a final concentration of 0.02 M KCN 
for activation of the enzyme. Both arterial filtrates 
and arterial segments were digested with this 
preparation. 

The proteolytic activity of pepsin was determined 
by the hemoglobin digestion method described by 
Northrup.” The amount of total nitrogen digested 
from weighed amounts of arterial substrate was 
measured in the supernatant at intervals during 

* Obtained from Worthington Biochemical Cor- 
poration, Freehold, N. J., Lots No. PM-594 and 
PM-596. 
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Fig. 1—This diagram shows the modified Hal- 
lock-Benson apparatus used to measure the volume- 
pressure curves of arterial test segments. Ele- 
vation of the test artery above the lower end of 
the burette allows determination of volumes at 
near atmospheric intraluminal pressures. 





tors used to connect the segment to the apparatus 
were tied in place prior to measuring the control 
value and were not disturbed until after the final 


measurements were made. This eliminated many 
variables present in the comparison of the values 
of different arterial segments. The volume-dis- 
tensibility coefficient at 25 mm.Hg intervals of 
intraluminal pressure was calculated by the formula 
of Bramwell and Hill}: 

100 _ da 


) 
l - I dp 


Dz is the distensibility expressed as per cent in- 
crease or decrease in volume per millimeter Hg 
pressure at x mm.Hg_ intraluminal 
pressure; I’, the volume of the arterial segment 
at « mm.Hg intraluminal pressure, and dv the 
change in volume associated with dp, the change 
in pressure; dv and dp were measured by draw- 
ing a tangent at the + mm.Hg point on the vol- 
ume-pressure curve (Fig. 2). All comparisons of 


change in 
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THE CALCULATION OF VOLUME-DISTENSIBILITY (0,) 














Dd, = oo av 
ye aP 
2204 

1 

= PERCENT CHANGE IN VOLUME PER MM #G |! 

CHANGE IN INTRALUMINAL PRESSURE A 

i 

180J ! 
Fig. 2.—The graph is 
a plot of the volume with 
MM HG 40) stepwise increases (o—o) 
an crease: X---xX 
INTRALUMINAL nd de eases (x x) 
of intraluminal pressure. 
PRESSURE The formula _ shown 
ne! above was used to calcu- 
late the volume-distensi- 
bility coefficients at 25 
mm. Hg intervals of 

60. pressure, 
204 
° > 3 6 8 10 


VOLUME OF THE ARTERIAL SEGMENT 


IN MILLILITER 


Kjeldahl technique. 
of arteries treated by various 


digestion by the 

Tissue sections 
methods of digestion were studied microscopically. 
l Arterial Distensibility—The volume of 
arterial segments and their distensibility per unit 
change in intraluminal pressure was measured 
with use of a modification of the Hallock and 
Benson apparatus® (Fig. 1). Each arterial seg- 
ment served as its own control. The plastic adap- 


, 
> 





Ss 


volume-distensibility before and after digestion 
were made upon volume-pressure curves stabilized 
by five or six stepwise increases and decreases 
of intraluminal pressure.® 

C. Immunologic Methods——The Freund adju- 


vant technique { was used to produce rabbit serum 


+ References 7 and 8. 
+ References 3 and 4. 





antibodies to horse carotid artery tissue. The 
semiquantitative techniques of Kolmer were used 
in these preliminary studies to estimate antigenic 
specificity. 

The filtrates of horse carotid artery homogenates 
were prepared by homogenizing segments of sev- 
eral arteries in a Virtis 45 homogenizer at 0 C, 
then filtering the homogenate. The total nitrogen 
content of the filtrates was measured with the use 
the microdiffusion technique 
of Conway.’ All dilutions of the filtrates were 
made with a 0.15 N saline solution. 


of modifications of 


Results 
A. Enzymatic Digestions—No_ charac- 
teristic gross or microscopic changes in the 
arteries attended their limited digestion with 
a particular enzyme. edema of the adven- 
titia and intima and partial destruction of 
smooth muscle cellular architecture was ob 
served with all types of enzymatic digestion. 
Only minimal fragmentation of the elastic 
tissue network was present following diges 
The 


exposure of arteries to pepsin for 48 hours 


tions limited to three hours at 37 C. 


at 5 C and then two hours at 37 C pro 


duced similar histologic changes. 


TABLE 1.—The 


A, M. A, ARCHIVES OF SURGERY 

Initial immunologic studies (Table 2A) 
showed an alteration in antigenicity of the 
arterial proteins only after digestion with 
pepsin. Therefore, further study of the 
effect of digestion with papain and trypsin 
was deferred. 

The relationship of time to the amount of 
peptic digestion of the arterial wall at 5 C 
and 37 C is shown in Table 1 and Figure 3. 
Although some nitrogen was digested from 
the arterial tissue at the lower temperature, 
the rate of its removal was greatly acceler- 
ated when the 
toS77€. 

The 


25 mm.Hg increments of intraluminal pres 


temperature was elevated 


volume-distensibility coefficient — at 
sure tended to increase after digestion ex 
cept in the 75-100 mm.Hg pressure range. 
In other words, peptic digestion tends to 
weaken the arterial wall. Digestion of an 
arterial segment with pepsin for three or 
more hours at 37 C produces a slight but 
consistent increase in its distensibility at 
the higher intraluminal pressures. An ex- 


ample of digestion of an artery with pepsin 


Extent of Digestion of Five-Centimeter Segments of Horse Carotid 


Artery with Pepsin (0.1% )* 


Wet Weight 


Total Tissue 


Nitrogen 


Nitrogen Released pet 





Duration of Sample of Artery, Nitrogen After Released by Total Tissue Gram of 
Digestion, Hr. Number Gm. Digestion, Mg. | Digestion, Mg.t Nitrogen, % Artery, Mg. 
A. Digestion at 5 C 

6 1 2.71 71.59 5.0 1.4 

2 2.37 52.46 5.5 1.3 

$ 1.64 1.8 

12 1 2.93 91.38 6.85 7.0 23 

2 1.85 54.82 1.90 8.3 aa 

24 1 2.27 2.40 7.04 10.0 3.1 

2 2.65 73.76 9.78 HZ 4.1 

3 1.92 7.26 4.8 

4s 1 2.41 16.37 10.69 ISLS 1.3 

2 3.26 g9.17 12.938 11.5 4.0) 

$ 2.21 11.66 5.3 

72 1 3.36 94.47 15.04 13.7 £.5 

2 2.31 14.05 15.93 26.2 6.9 

3 2.12 47.64 17.04 26.4 8.0 

B. Digestion at 37 C after 48 hr. of digestion at 5 C 

1 1 2.75 25 19.75 27.5 72 

2 1 3.07 78.80 30.83 28.2 10.0 

2 2.76 43.72 29.84 40.6 10.8 

3 1.97 36.24 36.46 50.1 18.5 


* Worthington Biochemical Corporation, Lot No. PM 596, 50 ml. of suspension containing 4.5 units per liter. 
+ Pepsin nitrogen (7.69 mg. in each digestion) has been subtracted from the nitrogen content of the digest. 
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TABLE 2.—The Extent of Complement Fixation by Equine Artery Antigen Preparations 


Antigen* 








0.2 
A, Filtrates of equine artery homogenates | 
1. Undigested 4t 
2. Digested with 
(a) Papain 0.1%, 37 C for 3 hr., pH 6.0 in 0.02 M 
KCN 1 
b) Trypsin at 37 C, 3 hr., pH 7.4 i 
(c) Aminoacetic acid buffer alone, 37 C, 3 hr. : 
(d) Pepsin, 37 C, for 3 hr. in aminoacetie acid-HC1 
buffer, pH 2 0 
B. Filtrates of homogenates made after digestion of 
equine arteries with 
1. (a) Papain, 5 C, for 6 days, pH €.0in 0.02 M KCN i 
(b) Trypsin, 3 hr. at 37 C, pH 7.4 t 
(ec) Pepsin, 37 C, for 3 hr., pH 3 4 
(d) Pepsin, 5C, pH 38, for 6 days, then 3 hr. at 37 C 0 
2. Undigested 4 


* Ten micrograms of antigen were used in each reaction. 


Equine Artery Antiserum, ¢M1. 
in the Reaction 


Contrel 


0.1 0.05 0.025 0.005 Serum | Antigen 
= 

4 $ 3 0 0 0 
4 4 3 0 0 0 
4 4 3 0 0 

t $ $ 0 0 

0 0 0 0 0 0 
Hy 3 0 0 0 % 
4 4 0 0 0 0 
4 4 3 0 0 0 
0 0 0 0 0 0 
4 4 3 0 0 0 


t The equine artery antiserum was made in rabbits by use of the Freund technique. 


t The numbers 0-4 indicate the extent of complement fixation. 


THE RELATIONSHIP OF TIME AND TEMPERATURE 
TO THE AMOUNT OF DIGESTION 








37°C 
‘, 2 HRS 
MGS 12 1 
OF 
NITROGEN 
DGESTED 8 ' 
FROM EACH ® HR 
GM OF | _ 
ARTERY 4 ee 
eet 
Tail 
a oi 24 48 72 
HOURS OF DIGESTION WITH PEPSIN 
AT 5°C (*—*) 
Hig. 3.—The rate of digestion of artery tissue 


with 0.1% pepsin was very slow when performed 
at 3 (o—o), but proceeded much faster at 
HC ts ox}. 


for six hours is shown in Figure 4. Diges 
tion of arterial segments with pepsin for 
48 hours at 5 C and 2 hours at 37 C pro 
duced minimal changes in the volumes of 
test segments and in their volume-distens 
bility coefficients at the higher intraluminal 
pressures (Fig. 5). 

B. Immunologic Studies.—In the prelim 
inary experiments, filtrates of fresh equine 
artery homogenates were repeatedly injected 
subcutaneously into rabbits in saline sus 
pension. The simple saliné suspension of 
fresh artery was incapable of inducing dem 
How 


onstrable antibody titers in rabbits. 


ever, two subcutaneous injections of the 
filtrates of arterial homogenates in a water- 
in-oil emulsion with heat-killed Mycobacter- 
ium butyricum at three-week intervals (the 
Freund technique) regularly produced satis 
factory antibody titers (Table 2). 
Complement-fixation reactions using the 
equine artery antiserum prepared in rabbits 
showed that digestion of the filtrate of the 
with 


fresh pepsin 


altered 


homogenate of artery 
(0.1%) for three hours at 37 C 
the filtrate sufficiently to prevent its reaction 
with the horse artery complement-fixing 
antibodies. However, similar partial diges 
tion of this filtrate with papain (0.1%). 
trypsin (0.1%), or acid buffer (aminoacetic 
acid-HCl, pH 2.0) did not 
effect the serologic specificity of the filtrate 


measurably 


(Table 2A). Antigen controls showed that 
this failure was not due to inhibition of 


complement fixation by citrate-phosphate 
buffer. 

The digestion for three hours at 37 C of 
intact arterial segments with 0.1% suspen- 
sions of pepsin, trypsin, and papain before 
their homogenization and filtration did not 
prevent the resulting filtrates from reacting 
with the horse artery complement-fixing 
antibodies. However, the filtrate prepared 


from arteries digested with pepsin (0.1%) 
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THE DISTENSIBILITY OF AN ARTERIAL SEGMENT 
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for six days at 5 C and three hours at 37 C 
no longer combined with the equine artery 
antibodies. 
posure of artery to pepsin for six days 
before active digestion permitted sufficient 
diffusion of the pepsin through the arterial 
wall to allow the active digestion to change 
the antigenic specificity of the soluble pro- 


Presumptively, preliminary ex- 


MM HG INTRALUMINAL PRESSURE 


teins. 


. M. A. ARCHIVES OF SURGERY 


Fig. 4—The rising 
volume-distensibility  co- 
efficients at intervals of 
25 mm Hg intraluminal 
pressure are greater after 
digestion with 0.1% pep- 
sin for six hours at 37 C 
than before it, except at 
the 75 and 100 mm.Hg 
intraluminal pressures. 
The postdigestion  vol- 
umes are also increased. 
Similar increases in 
these values at the higher 
intraluminal pressure are 
seen after three or more 
hours of peptic digestion 
at 37 C. 


dif- 
the volumes 
rising volume- 
distensibility coefficients 
are seen before and after 
peptic digestion of a test 
artery for 48 hours at 
5 C and 2 hours at 37 C. 
Significant 
distensibility are 
only at 
luminal pressures. 


Fig. 5.—Minimal 
ferences in 
and the 


increases in 
shown 
the lower intra- 


Contrariwise, the filtrate of the ar- 
teries predigested with papain for six days 
at 5 C still combined well with horse artery 
antibodies (Table 2B). 

Whether or not partial peptic digestion 
of intact arterial tissue decreases its anti- 
genicity is under investigation, although it 
is realized that the study of systems of 
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multiple unknown antigens is subject to 
many errors. 


Comment 


Permanent homotransplantation of human 
tissue is unsuccessful except the donor and 
recipient be identical twins or possibly the 
graft be corneal. Thus, the clinical success 
of most homografts depends on their acting 
as an adequate temporary scaffold on which 
the host may build (homografts of bone and 
artery), or as a temporary substitute (cu- 
taneous homografts or the red blood cell 
transfusion). The red blood cell transfu- 
sion is the type of homotransplantation that 
has been most intensively studied immuno- 
logically. The red blood cell has been shown 
to contain many distinct antigens, few of 
which are of general clinical importance. 
Though the A, B, O factors and the C, D, 
E group may be controlled, the chance of 
administering a _ theoretically compatible 
transfusion is very small. The clinical suc- 
cess of this “graft” would seem dependent 
upon (1) the weakness of many of the 
antigens involved and (2) their relatively 
rapid elimination from the host. 

Of the many means by which the anti- 
genicity of proteins may be weakened, most 
must be discarded as too traumatic to the 
elastic tissue network for use in arteries. 
This does not appear to be the case with 
results 
shown in Table 2 indicate that, of the pro- 
teolytic enzymes studied, pepsin is the most 


controlled peptic proteolysis. The 


capable of destroying antigenic specificity of 
the soluble proteins of the arterial wall. 
Weil and co-workers produced a similar 
change in diphtheria antitoxin by its partial 
digestion with pepsin. They not only altered 
its antigenic specificity but showed that pep 
sin made the antitoxin a weaker antigen 
without destroying its antitoxic capabilities. 
Partial peptic proteolysis probably brings 
about these changes (1) by splitting off 
antigenic side-groups from the protein and 
(2) by reducing the protein molecular size, 
which allows its more rapid elimination by 
the host. In intact tissues, more rapid elimi 


nation of follows the 


antigens probably 


break-down of cell membranes and inter- 


Such changes are seen 
microscopically in the tissue sections of 


cellular matrix. 
arteries after their partial peptic digestion. 

The elimination of the proteins of the 
arterial wall should not influence the ulti- 
mate outcome of the graft if their rate of 
removal is not too rapid and the elastic 
tissue network remains intact. Although the 
rate of peptic digestion of elastin is very 
slow,’ the removal of other enzymatically 
altered protein structures from the artery 
wall by the host before their adequate re- 
placement may cause early aneurysm forma- 
tion. Obviously, if digestion of animal 
arteries is carried’ too far, early aneurysms 
can be expected. This error may be avoided, 
at least in part, by measurements of arterial 
distensibility. Digestions for three or more 
hours at 37 C appear to increase the dis- 
tensibility of the artery at intraluminal 
pressures above 100 mm.Hg (Fig. 4). Al- 
though such weakening of the artery wall 
may be avoided in the preparation of the 
heterograft, the possibility of too rapid a 
removal of the nonelastic structural com- 
ponents of the artery still remains as a 
possible source of aneurysm. Whether or 
not late aneurysms will develop in pepsin- 
treated heterografts is as yet unknown. 

The early results of transplantation of 
equine heterografts treated by controlled 
peptic digestion into animals have been suff- 
ciently encouraging to warrant their use 
for the reconstitution of obliterated femoral 
arteries in patients critically in need of 
peripheral blood flow improvement. The 
results of their trial in animals and man 
will be presented in detail in a future publi- 
cation. However, caution in the clinical use 
of animal arteries partially digested with 
pepsin needs to be stressed. A case in point 
follows: 

A 59-year-old white woman entered the Barnes 
Hospital in September, 1955, because of intermit- 
tent claudication in the left leg which had in- 
creased in severity over the previous four years 
and had been associated with rest pain, coldness, 
atrophy, and severe weakness for the previous 
year. Previous therapy with tolazoline (Prisco- 
line), intra-arterial histamine, and diathermy was 
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without benefit. Femoral arteriograms showed 
occlusion of the left superficial femoral artery. 
Because of lack of a satisfactory arterial 


homograft, the patient was discharged. The con- 


tinued severity of symptoms caused her read- 


mission in November, 1955. On Dee. 7, 1955, a 
shunting heterograft was placed in the left leg 
from the external iliac artery to the midportion 
of the popliteal artery. The heterograft used was 
equine carotid artery which had been proteolyzed 
with pepsin (0.1%) for four hours at 37 C. There 
was marked improvement in the peripheral blood 
flow after insertion of the heterograft. Twelve 
lays postoperatively, sudden onset of pain and 
moderate swelling was noted over the graft. A 
small hemorrhage from the graft was postulated 
to explain this episode. The pain and swelling 


soon subsided. However, she required replace- 
ment of the digested equine heterograft in Feb- 
ruary, 1956, because of the formation of aneu- 


rysms in it (Fig. 6). 


Fig. 6. 
ryvsms in an equine ca- 
rotid 
months after it had been 
digested with 0.1% pep- 


Multiple aneu- 


heterograft two 


sin for four hours at 37 
C and used to shunt an 
obliterated 

femoral artery. 


superficial 


heterograft 


Tissue sections of the removed 


showed localized areas of infiltration of plasma 


cells and eosinophiles and other areas of large 
collections of epitheloid macrophages around giant 
cells. The first of these microscopic changes is 
compatible with a circulating antibody type of 
latter 
hypersensitivity. 


response, while the suggests a response 


Although 
excess digestion may have been the cause of aneu- 


similar to tuberculin 


rysm formation in this heterograft, the  possi- 
bility exists that an immune response played a 


role. 


Summary 


A preliminary study of the effect of 
partial enzymatic digestions with pepsin, 
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A, M. A. ARCHIVES OF SURGERY 
papain, and trypsin upon the antigenicity 
and distensibility of equine carotid arteries 
showed the following results: 

1. Controlled 


the antigenic specificity of the soluble pro- 


peptic digestion changes 


teins of the artery wall. Similar digestion 
with papain and trypsin does not. 

2. The arterial wall is weakened by diges- 
tion with pepsin (0.1%) exceeding three 
hours at 37 C. 

3. Aneurysm formation may follow the 


use of pepsin-treated heterografts in = man. 
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There is a best way to do everything 

—Emerson 

Review of the many published reports * 
dealing with the investigation of plastic 
fabrics as vascular prostheses has led to a 
reappraisal of the problem in this labora- 
tory. In those reports, although much im- 
portance has been attached to the facility 
with which various synthetic tubes maintain 
blood flow, little attention has been given 
to several very important aspects of the 
basic problem of converting commercially 
prepared cloth fabrics into physiologically 
sound and surgically acceptable substitutes 
for vascular segments. Great interest has 
been evident in comparative rates of “endo- 
thelial” regrowth, for instance, but only 
one observer is on record as having attached 
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any significance to the need for some degree 
of elasticity in the prosthetic grafts.1® Prob- 
lems of wrinkling and thrombosis have been 
discussed, but several investigators seem 
prepared to accept and have, in fact, already 
put to clinical use, fabrics having an in- 
herent tendency to such complications. 
Likewise, the impossibility of performing 
acceptable anastomoses with many of the 
commercial fabrics has been largely disre- 
garded. 

Discussing what he terms “the reservoir 
function of the central arteries,” Wiggers *° 
has called attention to the compression 
chamber effect of the distensible aorta and 
its immediate branches. By virtue of their 
elastic walls, the vessels store nearly half 
of the stroke volume of the left ventricle 
during systole. During diastole this blood 
is moved on by elastic recoil. Thus, 
variations in pressure and flow tend to be 
buffered to some extent. It is suspected 
that this provides the end-organ with a 
more constant perfusion rate and also has 
a sparing action on the central organ—the 
heart. 

Because this laboratory was already en- 
gaged in a general program involving the 
application of synthetic materials as endo- 
prosthetics, attention was focused upon the 
desirability of simulating, as nearly as pos- 
sible, all attributes of segments to be re- 
placed. With these ideas in mind the 
present studies were initiated. Considera- 
tion of the importance of the distensibility 
of arteries led to an investigation of elastic 
synthetic seamless sleeves. To date, 14 
fabrics have been tested by methods to be 
described. Evaluation of these fabrics, both 
elastic and inelastic, forms the substance of 
this preliminary report. 
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VASCULAR PROSTHESES 
Method 


Seventy-four adult mongrel dogs have been 
subjected to replacement of a portion of either 
thoracic or abdominal aorta by synthetic fabric 
sleeves. The animals are anesthetized by intra- 
venous veterinary pentobarbital (Nembutal), 12 
mg. per pound of body weight. The entire op- 
erative area is shaved, after which an _ endo- 
tracheal catheter is placed and a large-bore needle 
is introduced into a hind leg vein for administra- 
tion of supportive fluids. The thoracic cavity is 
entered through the bed of the removed left sixth 
rib; the abdomen, through a midline incision. The 
aorta is cleaned of pleura or peritoneum, from 
subclavian artery to diaphragm, or from renal 
arteries to the trifurcation. Involved pairs of 
intercostal or lumbar arteries are transected be- 
tween ligatures. From 4 to 8 cm. of aorta is then 
removed between Potts ductus clamps. For thoracic 
aortic replacement, the test graft material, pre- 
viously preclotted with host blood, is placed over 
a tubular polyethylene shunt (Fig. 1). This shunt 


is quickly tied into the severed ends of the aorta 
by broad cotton tape ties. The Potts clamps are 
then opened, allowing perfusion of the abdominal 
aorta during the critical period of anastomosis. 
The graft is sutured to aorta above and below by 
00000 nylon arterial sutures.t After three-quarters 
of the circumference of both suture lines is com- 
plete, Potts clamps are replaced, the polyethylene 
shunt is removed, and the remainder of each 
The clamps are then 
finally removed judiciously, first distally and then 


anastomosis is completed. 


+ Supplied by J. A. Deknatel and Sons, Inc. 





proximally. This use of a shunt, as suggested by 
Johnson,™ has eliminated the need of cumbersome 
hypothermia techniques. In the abdominal aorta 
the polyethylene shunt can be omitted. The pre- 
liminary infusion of 5% dextrose and water is 
changed to whole blood during the period of clamp 
release, and blood loss can be quickly replaced. 
Where possible, the grafted segment of aorta is 
recovered with parietal membrane, and the body 
wall is closed in accepted fashion. Procaine 
penicillin G (Depo-Penicillin), 600,000 units, is 
given intramuscularly at the conclusion of the 
procedure. 

After varying periods of observation, during 
which time aortograms have been made in some 
instances, the animals are reanesthetized. The 
graft area is inspected, and the amount of pulsation 
within the graft is noted. The fabric graft and 
sufficient length of aorta on either end is then 
removed en bloc and photographed. The internal 
surface is likewise inspected and photographed. 
Notation is made of the amount of intimal pro- 
and the 


liferation 


presence of any thrombus or 


Fig. 1.—In replacement 
of portion of thoracic 
aorta, test graft is placed 
polyethylene tube. 
Blood then be 
reestablished during 
anastomosis. Just before 
distal anastomosis is com- 


over 


flow can 





plete, shunt is removed. 


kinking of the fabric, after which the specimen is 
fixed in Bouin’s solution and prepared for micro- 
scopic examination. 


Technique for Preparation of Tissue for Slides 


Specimens were fixed in Bouin’s solution for 
48 hours. Sagittal blocks of tissue were taken 
through the proximal lines and the distal lines of 
anastomosis, and a transverse block was taken 
through the middle of the prosthesis area. These 
were washed in running water for 24 hours, 
dehydrated through alcohol, and placed in collo- 
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dion for 24 hours. At the end of this period they 


were put through chloroform and toluene and 
then into parattin at 60 F. Sections were made on 
a rotary microtome at 7; the face of the block 
The 


sections were mounted directly on slides without 


was coated with paraffin before each cut. 


using water. The preparations were stained with 


hematoxylin and eosin and with the Gomori 
aldehyde-fuchsin (elastic tissue) stain. 
Results 


All materials utilized, to date, are tabu- 
lated in the accompanying Tables. In gen 
eral, the Tables themselves are explanatory. 
Observations were made regarding perti- 
nent characteristics, and each material was 




















TABLE 1. 


Number Duration 





No. 114 


| 

| 

r 
14. B-H Helanca 12 | 1-156 
No, 100606 | 


Material of Observation 
Tested Animals Min.-Max. 
Days 
1. Nylon tricot | 4 | 96-113 
No. 2008 | 
2. Nylon knit 4 69-102 
No, 104 
~ ; | — 
3. Nylon mil. 5 150-222 
INO, 444 | 
™ " rene 
4. Orlon tricot | 2 | 76-164 
No. 1009 | | 
5. Vinyon-N 3% | 0-96 
No. 614 | | 
6. Stehli 6 2-110 
No. 118 | | 
——-_ = 
7. Nylon knit 7 | 58-134 
No, 14 | 
&. Nylon braid | 8 | 100-82 
No. 15 | 
9. USCI heavy | 3 78-89 
No. 112 | 
ws ae, eae = 
10. Nylon crimped | 9 80-135 
Seamless 
No. 302 
11. Electra braid 2 28-200 
No. 87 
— | = 
12. USCI med. nylon | 4 65-74 
No. 113 | 
— 5 | 
13. B-H Dacron 6 84-188 
| 
| 
| 





Thread 


A, M. A. ARCHIVES OF SURGERY 
arbitrarily classified as satisfactory, or un- 
satisfactory, on the basis of these criteria. 
Owing to the relatively short duration of 
these observations, the number of criteria, 
no doubt, will have to be extended in the 
future as long-term observations bring to 
light other factors of importance. 

In general, seamless sleeves appear to 
serve more satisfactorily than hand-fash- 
ioned tubular conduits. As had been postu- 
lated, presence of the longitudinal seam 
appears to generate thrombosis. In Figure 
2 is demonstrated such a graft in which 
clot piled up along the suture line. Although 
in this case the animal suffered no observed 


List of Synthetic Fabrics Utilized to Date, with Specifications 


, y 
| ! 
Excessive 
Bleeding 
(if Fabric is 


Availability | 
of as Elasticity 


Size 





Count Interspace, Seamless | Untreated) 
In. ue Tube | | 
| | 
140X 80 | 10X80 No | Yes | Yes 
| | 
a — -|— — 
100 X 76 35 X 60 No | Yes No 
| | 
| 
100 X 100 15 X 65 No | Yes No 
| 
| | 
96 X 72 25 X 55 No? | Yes Yes 
—_ “ rn eae ‘nail ; — 
140 X 100 30 X 60 No ? | Yes, no Yes 
- i— - | — 
200X144 | 10X10 | No No | Yes 
| ‘ a 
7X56 | 2x75 | Yes No No 
| 
_ | SRE ee! = 
| | | | 
200 X 100 10 K 15 | Yes | No | No 
a _— 
— | | 
100X100 | 15X25 Yes No | No 
} | 
= ‘ a Oe - 
40 X 20 | 20 X 30 Yes No Yes, no 
| | 
—— | a“ - 
48 X 48 | 35x 40 Yes No No 
56 X 56 40 X 55 Yes No No 
- --| 
68 X 60 25 X 40 | Yes No No 
100 X 100 10 X 40 Yes Yes Yes, no 
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TABLE 2. 


Material 


rested Wrinkle rhrombosis 


1. Nylon tricot No Yes Yes 
No. 2008 


2, Nylon knit No Yes Yes 
No. 104 
3. Nylen mil Yes No Yes 
No. 444 
4. Orlon tricot No No Yes 
No. 1009 
Vinyon-N No No Yes 
No. 614 
Stehl Yes Ye No 
No. 115 
7. Nylon knit Yes Yes No 
No. 14 
8. Nylon braid Yes Yes No 
No. 
9. USCI heavy No Yes Ni 
0. Nylon crimped No Yes No 
seamless 
No, 302 
Electra br y No Ne 
No. 87 
12, USC] med. nylon No No No 
No, 118 
B-TL Dacron Yes No No 
o. tld 
1. B-IE Helinesa No No No 
No. Loo80: 
ll effect, remaining vigorous, with strong 


femoral pulses until the time of killing, at 
222 days, such a nidus for thrombosis is 
better eliminated. 

Furthermore, hand-sewn grafts of com 
mercial fabric selected for elasticity were 
found to develop aneurysmal dilatation. One 
of these prostheses is pictured in ligure a 
Here, endothelialization was almost com 
plete, but the dilatation apparent in the post 
mortem specimen had been anticipated by 
an carlier aortogram (lig. 4). In another 
specimen, similar dilatation was associated 
with early clot formation (Mig. 5). In con 
sequence of these preliminary observations, 


attention was early turned to the use of 


Excessive Inner Outer 
Dilatation 


‘Analysis of Various Fabrics in Regard to Suitability as Vascular Prostheses 


Durability, F xcessive 

Covering Car- Foreign- 

cinogenicity Body 
Reaction 


Lining 


Good Fair No 
Fair Good No : 
Good ite No 
Fair Good - No 
Good Excessive : ne: 
Good Fair e No 
Poor Good ae. 
Fair Poor - No 
Fair Poor No 

’ = : 
Good Poor ss No 
Fair I ns : No 
Fair Good ; No 
Fair Good No 
Crood Good No 


seamless sleeves. Sources for such tubes 
manufactured of synthetic yarns were lim 
ited to three companies able to cooperate in 
these studies. Two other investigators also 
agreed to further testing of seamless grafts 
manufactured under their direction. 

Such seamless tubes were either knitted 
or braided. Braided tubes tend to fray 
readily at the cut ends, whereas knitted 
tubes will unravel, or “run,” if undue ten- 
sion is applied at the end. While the turn- 
ing of a cuff has been suggested widely, 
to offset these undesirable traits, such a cuff 

t Dr. Paul Sanger, Charlotte, N. C.; Dr. W. 


Sterling Edwards, Birmingham, Ala 
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Fig. 2. — Hand-sewn 
woven nylon fabric graft, 
within which partial 
thrombosis had developed 
along longitudinal — su- 


ture; 222 days. 


Fig. 3.—Hand-sewn elastic nylon po 
fabric graft, several of which de WI 
veloped aneurysmal dilatation; 126 


tine days 


stent S23 ceminnominienin 


Fig. 4.—Aortogram representative 
of usual picture) with hand-sewn 


elastic grafts; 60 days. 
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In some cases dilatation was associated 
92 days. 


Fig. 5. 


with thrombosis apart from suture line; 


works a disadvantage because of further 
narrowing at the two already critical lines 
of anastomosis. Actually, most of these 
synthetic varns have a rather low melting 
point. Careful application of a hot cautery 


wire, or even the direct flame, will fuse the 





fibers sufficiently to prohibit fraying, and 
a cuff becomes unnecessary.§ 

In Figure 6 is illustrated a tightly braided 
seamless nylon tube, of coarse yarn. This 
type of material was found unsatisfactory 
from the start because of the great difficulty 
encountered in suturing it. The resistance 
of the fabric rendered the usual small ar- 
terial needle useless. Furthermore, early 
thrombosis apparently resulted from the 
uneven nature of the internal surface. 

Several seamless tubes developed severe 
wrinkles as they were sutured to the aorta. 
In Figure 7 is a graft made of tightly 
braided Dacron, which showed many such 
On the this 
was lined quite smoothly inside and had a 


wrinkles. other hand, fabric 
firmly attached fibrous sheath. Occasionally 
the wrinkle developed later, in the center 
of the graft (lig. 8), and gave rise to a 
thrombus. 

The crimped braided nylon tubes cur- 
rently available, commercially, for  peri- 
pheral arterial replacement were also found 


to be somewhat resistant to passage of su- 


§ Personal communication to the authors from 
Mr. Norman C. Jeckel, U. S. 
strument Company, Glens Falls, N. Y. 


Catheter and In- 
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Fig. 6 
to suture 


Heavy, coarse braided nylon seamless tubes developed thrombus and were difficult 
In this, a calcium plaque developed above proximal anatomosis ; 


141 days 
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ture needles. One of these specimens devel- 
oped a smooth lining (Tig. 9), but. the 
fibrous outer layer was poorly attached 
(Tig. 10). Another such graft developed 
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Fig. 7.—Several seamless tubes wrinkled badly at junction of graft and aorta; 135 days 


} | 
3 | 4| | 


Fig. 8.—Here the wrinkle developed in the center of the graft, initiating thrombosis. This 
material resists ingrowth of fibrous tissue; 120 days. 


a large hematoma outside and a complete 
occlusion at the distal suture line ( Mig. 11). 

The knitted seamless nylon grafts also 
sutured with difficulty, were completely in- 
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Fig. 9—Crimped braided nylon tube 
developed good “intimal” lining but was 
difficult to suture; 128 days 


gy 
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Fig. 10.—Crimped seam- 


less tubes also resisted in 
growth of fibrous tissue; 
here, outer sheath — peels 


readily; 128 days. 





Fig. 11 
by a large hematoma and was occluded by throm 
bus at distal suture line; 37 days 


This crimped sleeve was surrounded 





oe e 

pe Soe ee 4) 5 = 
tt Heady rim 543 TTT it ' T 
Fig. 12.—Knitted nylon seamless 


sleeves were also difficult to suture, and 
some developed thrombus; 113 days. 

elastic, and sometimes developed a thrombus 
(lig. 12). With these, too, the outer cap- 
sule was not always firmly attached. 

Iinally, in Figures 13 to 20 are illustrated 
the elastic synthetic fabric seamless tubes 
which have been found most satisfactory, 
of the materials tested to date, in the course 
of these studies. This material only re- 
cently became available. Further refinement 
will certainly be necessary, but the fabric 
shows many desirable features. The texture 
of the braided material (lig. 13) is. soft 
and pliable. Some indication of its elasticity 
is shown in ligure 14, as a segment 1 em. 
in diameter stretches over a cylinder 2 cm. 
in diameter. Similarly, this sleeve increases 
approximately one-third its length under 
(25 |b.). 


graph (lig. 15) reveals the fluffy nature of 


moderate tension A macrophoto- 
the closely-braided curled threads. A micro 
photograph (Vig. 16) shows that elasticity 
is achieved by lengthening of the individual 
curled filaments of yarn as tension is in 
creased. 

The 


braided from Helanea nylon yarn, which is 


clastic seamless tubes have been 
the patented process thread used im the 
manutacture of the stretchable gloves, stock- 
ings, and undergarments in current vogue. 
It was first developed in Switzerland and 
United States 


is now manufactured in the 


by a limited number of mills. It is a multi- 
filament yarn which gains its elasticity by 
a process of twisting or crimping the indi- 


vidual filaments before they are combined 
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Fig. 14.—These  syn- 
thetic tubes stretch read 
ily 
into the finished yarn. Twisting induces 


curling, and this curl is set into the yarn 
by autoclaving. 
The 


immediately after placement in a dog is 


appearance of the distensible tube 


shown in igure 17. The external appear 
ance of a reconstituted graft after 7 
The 


appearance of an early graft is 


) days 


is illustrated in Figure 18. internal 
seen 1n 
Figure 19, where already development of 
‘Intima’ is complete at the ends and under 


way in the center. 


References 22 and 23 
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Fig. 13. 
lon braided 


Helanca ny- 
seamless 


sleeve and section of dog Ri 

aorta it replaces. . 

i 

es 

# 

\ 

¥ 

Comment 

One consistent criticism of several ma- 

; : | 
terials available, both as seamless sleeves 
and as sheet fabric, as mentioned, is the 


passage ol 


cloth to the 
even the small, Atraumatic arterial suture. 


resistance of the 


On the other hand, the soft, permeable con- 
sistency of the elastic nylon fabric allows 
easy passage of the arterial needle and _per- 
that 
accurate coaptation of vessel and prosthesis 


mits the use of small bites so more 


is accomplished. In the long run, this will 


inevitably provide less constriction, less 
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Fig 16. 


graph 


Microphoto 


reveals nature o 


“elasticity.” 





thrombosis, and better end-result. Slight 
heat fusion of the cut end of this material 
renders use of a cuff completely unneces 
sary. Although severe bleeding may occur 
through the untreated fabric, hemorrhage 
can be controlled. Studies are presently 
underway to determine whether application 
of silicone film?! will offer any advantage 
over simple preclotting, which has been very 
effective in eliminating lc ss of blood through 


the mesh. 


Tighter braiding, also, has been 








Fig. 15.—Macrophoto- 
graph of pliable, curly 
elastic nylon fabric. 





requested from the manufacturer,{ but it 1s 


not clear, as yet, whether this will reduce 


the desired elasticity. 

While it seems clear that maintenance of 
distensibility is a desirable goal, there is no 
certainty, as yet, that the Helanca seamless 
sleeves will maintain this quality in vivo. 


Preliminary observations show _ that the 


{ Bentley, Harris Manufacturing Company, 


Conshohocken, Da. 
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Fig. 18.—Ixternal ap 
pearance of reconstituted 
“aorta” about a Helanca 


nylon prosthesis; 79 days 





grafts did remain distensible for 150 days, 


even with moderate fibrous tissue about 
them. In the future perfection of clastic 
seamless synthetic fabrics as vascular pros 
thetics, it will be highly desirable to obtain 
comparative measurements of Helanea yarn 
elasticity as it relates to elasticity of the 
aortic wall. For many years physiologists 
have discussed the best method of assessing 
the elastic properties of the aorta and its 
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Fig. 17. 


of preclotted distensible 


\ppearance 


aortic prosthesis. Anas- 
tomosis just completed 
and blood flow” reestab- 
lished 





Fig. 19, \t 79 days, 
internal surface has be 
eun to line with smooth, 
vlisteninge membrane, 
similar to intima. This 
appears to extend onto 
prosthesis from = aorta 
In other specimens, how 
ever, it Was apparent 
that internal lining may 
also develop from islands 
of fibrous tissue which 


vrow within the mesh 


branches. In general, attention has been 
focused upon the changes of volume of a 
given segment of vessel which result: from 
variations of internal pressures. This ap- 
pears to be the most functionally appropri 
ate method of evaluation. The ratio of 
pressure increase to percentage change in 
volume provides a volume-elasticity coeffi 


cient, and substances can then be compared 


# References 25-27 
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directly by these coefficients of elasticity.** 


However, since the pervious fabric graft 
does not lend itself immediately to measure 
ment of volume, and because the introduc 
tion of any impervious lining would alter 
its coefficient, it is necessary to await com 
plete vascular restitution of the prosthesis 
before such determinations will be reliable. 
The coefficient of elasticity ot the reconsti- 
tuted vessel can then be measured at various 
intervals to determine whether it changes 
with age as does that of normal vessels of 
man and animal?” 

Preliminary microscopic observations in 
dicate that implantation of these elastic 
prostheses may, in some way, predispose 
the fibrous sheath to develop in a different 
The 


Helanea grafts has been observed to pick 


form. mesodermal tissue about the 


up elastic stains. Further studies of this 


phenomenon are under way. [Finally, nylon 
is known to have a somewhat greater affinity 
for water than such other synthetic fabrics 
as Orlon, Dacron, and Teflon. Steps have 
been taken to determine whether other syn 


thetic yarns will lend themselves to the heat 


Sel curling process. 





Fig 20 Microsce« pie 


appearance of cross sec 
reconstituted 


Modified 


lines lumi- 


tion of 
aortic wall 
fibrous tissue 
nal surface above In 


center are fragments of 


nylon yarn. Below is 
fibrous tissue which 
coats prosthesis, taking 


the place of adventitia 


Conclusion 


Development of a satisfactory vascular 
prosthesis is still under investigation. It is 
now apparent that any number of synthetic 
fabrics are, at least for short-term use, suit 


able blood 
vascular defect. Most of these fabrics will 


for the conduction of across a 
develop a smooth internal lining indistin 
guishable from and functionally identical to 
endothelium. They all become encased in 
a fibrous sheath, although the adherence 
and thickness of this sheath varies consider- 


ably. However, close attention to all fune 
tional properties of the original part is as 
necessary here as in any other endopros 


thetic investigation. Therefore, suitability 
of synthetic fabrics for vascular replace 
ment requires 


judgement by additional 


criteria. In addition, because clinical appli 
cation of these prostheses involves delicate 
and time-consuming surgical technique, it 
is important that the final product be equally 
acceptable from this point of view. 

Such considerations lead to the surmise 
that seamless sleeves of elastic synthetic 
fabric will eventually prove most completely 
satisfactory. Preliminary observations dem 


onstrate that this material can be made into 
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readily available prosthetic grafts which 
lend themselves to acceptable surgical ap- 
plication. Such grafts, having the desirable 
characteristics common to other synthetic 
fabrics, provide the additional advantages 
of distensibility and ease of handling. 

It will await further investigation to dis- 
cover whether proposed refinements of cur- 
rently available material will make it equally 
acceptable from the long-range point of 
view. In the course of these future studies, 
time will permit greater attention to the 
important matters of carcinogenicity, dura 
bility of fabric, and host tissue reaction to 
the implantation of other synthetics. Clearer 
information regarding presence of fixatives, 
additives, plasticizers, etc., so commonly 
used in the manufacture of synthetic fab 
rics, is vital, and necessitates closer coopera 
tion between investigators in this field and 
appropriate representatives of the plastic 


industry. 
Summary 


Observations of the experimental use of 
14 synthetic fabrics as vascular grafts in 
dogs lead to the conclusion that seamless 
tubes of elastic nylon offer the greatest 
potential for clinically acceptable vascular 
prostheses. 

I‘urther refinement of currently available 
elastic seamless sleeves is necessary for 
their use in human vascular replacement. 

Long-term observation of all synthetic 
grafts remains highly desirable, particularly 
as regards durability, tissue reactivity, and 
carcinogenicity. 

E. Blumenfeld, R. Jones, M. Berg, D. Worden, 
A. Beal, F 


completion of these studies, and Drs. Donald M. 


Beal, and L. Hardy assisted in the 
Glover and Fiorindo Simeone assisted in the 
preparation of the manuscript 
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WEICHSELBAUM, 
SEKERAK, 


On Papers BY NEWTON, AND 


AND WHITTLESEY, 
BLuNnt, AND HupbACcK 


BUTCHER 


Detroit: I 
dissertation, 


JOHNSTON, am 
Dr. Newton's 


especially in regard to the studies on distensibility 


Dr. CHARLES G. 
rather impressed by 
of the vessels and the relationship to volume. 
Dr. Newton if 
he feels that the use of equine desensitized graits 
I ask this 


However, I should like to ask 
is likely to have any place in surgery. 
because some years ago I thought we might have 
to look for a ready supply in animal material for 
such things 
had no difficulty 


However, more fecently we have 
whatever in good 
difficult 
making an animal graft a 


supplying 


homografts. It is somewhat for me to 


see how homograft 















































could be better than the simple method of getting 
a homograft directly. 

We have used the method which was described 
by Dr. Szilagyi for establishing our arterial bank, 


and it has done very well. We have had no 
difficulty with it. It is simple. We always have a 
ready source of supply of graft material. We 
always have variations in size sufficient for use, 


and I can’t see quite how a great deal of process- 
ing of animal grafts can quite equal this as far 
as readily available grafts is concerned, nor do I 
see how it is likely to be quite as useful a process. 
Dr. D. Emerick SziLacyr, Detroit: Dr. Whitt- 
lesey and Dr. Newton were good enough to ask 
me to discuss their papers. 
I believe that these papers have a great deal of 


We are far 


arterial 


interest. from being in possession of 


the ideal substitute. Homografts have 


served well and offer the best prosthetic qualities 
available at the moment, but as we gather informa- 


tion on their long-term behavior, say two and 


three vears after insertion, their shortcomings are 


beginning to loom larger. Thus there is need for 


continued work toward the goal of the ideal 


arterial substitute 


In the past, two approaches have been followed 


toward overcoming the disadvantages of homo- 


grafts. One was the use of grafts of animal 
origin. The reports on the results with substitutes 
of this tvpe have been highly variable and even 


contradictory. It seems very likely that the under- 


lying reason for this variability of behavior may 


well be the effect of immunological factors work- 


ing in an unpredictable manner from c¢: 
Dr. Newton 
evidence in 


se to case. 


] >] 


and his associates have produced 


favor of this assumption. The de- 


specification of grafts of animal origin by con- 
trolled enzymatic digestion is a logical step in the 
attempt of eliminating these factors. The question 
whether their experiments have yielded proof that 
the antigenicity of has been 
their clinical use can 
only be answered by longer observation and more 


trials. 


the equine grafts 


sufficiently reduced to allow 
extensive 


(17-25 


My own experiences with long 


cm.) bovine heterografts in have 


taught me that evaluation of these transplants is 
most difficult 


dogs 


While about one-third of 20 experi- 
mental transplants ruptured within 6 months, about 
a third stood up very well up to 16 months, only 
to show extensive degenerative changes at killing. 

The 


stitute 


other avenue of approach to the ideal sub- 
has been the employment of plastic pros- 
theses. The ideal prosthesis would be inexpensive, 
easily available, nonreactive, nonwettable, durable, 
elastic, and capable of being woven into branching 


tubes without seams. There is no prosthesis at 
the present time that fulfills all these requirements. 
Helanca nylon grafts, which we have tried for 


the past six months, seem to approach this ideal 
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as regards elasticity, and I was glad to see that 
Dr. Whittlesey found these as satisfactory as we 
have. Unfortunately, nylon is not very durable 
as a tissue implant and loses much of its tensile 
strength after one or two years of implantation, 
and therefore these elastic nylon prostheses will 
have to be observed considerably longer before 
their true value can be judged. 

1 have brought with me three slides that are 
very similar to those shown by Dr. Whittlesey. 
| shall present these as added evidence, from a 
different source, of the exceptionally fine earl) 
results that these elastic nylon implants have 
given 

[Slide] This is an aortogram showing the dis- 
position of a short graft. As you will notice, 
there is no dilatation, and the graft functions 
perfectly well. 

{Slide} This is the recovered implant at six 
months 

[Slide] Here the inner lining is shown, with a 
perfectly fine pseudointima 

1 believe one should encourage the authors and 
those interested in this subject to keep looking for 
improvement, and perhaps through concerted et- 
fort we shall arrive at the ideal prosthesis 

Dr. Witt1AM T. Newton, St. Louis: I should 
like to thank Drs. Johnston and Szilagyi for 
their comments 

In answer to Dr. Johnston’s question, in St. 
Louis we have not experienced the ease of ob- 
taining arterial homografts that Dr. Johnston has 
in Detroit. At times we have had a rather long 
waiting list for femoral artery grafts. However, 
iside from the desirability of finding a substitute 
for the arterial homograft, we feel that investiga- 
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tions of this type may have significance in their 
application to modification of the homograft im- 
mune response and in their broader implications in 
the field of tissue transplantation in general. 

As pointed out by Dr. Szilagyi, this study only 
suggests altered antigenicity. Investigations are 
under way in our laboratory to study the relative 
antigenicity of arteries treated by a variety of 
means and the part played by immune _ responses 
in the fate of arterial grafts. 

Dr. Roperr H. Wuirriesey, Cleveland: 1 
should like to thank the discussers, particularly 
Dr. Szilagyi, for the time put on this problem. 

I should like to call attention to the amount of 
time that is currently going into the investigation 
Articles 
dealing with these studies have appeared in the 


of synthetic materials for this purpose 


surgical literature of the United States alone at an 
average rate of two every month during the past 


two years t 


There has been much duplication ¢ 
effort 

Attention is invited to an editorial by Dr. Oscar 
Creech which appeared in Surgery in November, 
1955, in which he pointed out all of this. I, for 
one, would wholeheartedly endorse his suggestion 
that the whole subject be submitted to a com- 
mittee of an appropriate one of the surgical 
societies. This committee should develop all re 
quirements for satisfactory prostheses of this 
sort, based on the results and observations of all 
investigation already done. The committee could 
then place these requirements before appropriate 
representatives from the plastics industry, with 
the hope that in this way much time and money 
could be ‘saved. The need for more satisfactory 


vascular prostheses is, | think, obvious to al 
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beibavndion of Sntestinal Perforation 


rom Vlonpenetrating aie _~ 


THOMAS GEOGHEGAN, M.D. 
and 
BROCK E. BRUSH, M.D., Detroit 


Perforation of the bowel from trauma to 


the intact abdomen occurs with sufficient 


frequency that most surgeons personally 
encounter several cases. The high mortality 
rate, 61° of 
1935 and 1942, as cited by Poer and Wolt 


ver,’ hinges upon delay in operative inter 


all reported cases between 


vention and closure of the perforation. In 
our series, when the interval between injury 
and operation was greater than 12 hours, 4 
2 of 14 
than 12 


the lesion 


of 6 patients died; whereas only 
died the 


hours. 


when interval was less 
Certain characteristics of 
operation and closure. 


the the 


itself hinder early 


These characteristics are size of 
lesion, its location, and the apparently insig 
nificant trauma which is sometimes involved. 

The perforations are usually small. In 
our 20 cases, the size ranged from 4 mm. to 


) 


2 cm. in the 10 instances in which size was 


recorded exactly, and the size was described 


as “small” in 6 others. In reviewing 81 


cases from the literature, Bosworth states 
that 610 were 1.5 cm. or less in diameter.* 
Because of the small size signs of peritonitis 
may be slow to develop. The perforation is 
surrounded in many instances with normal 
bowel and mesentery and is usually not as 
other traumatic lesions. It 


sociated with 


may be overlooked even when the abdomen 
is explored. 
Submitted for Publication April 3, 1956. 
the 
Ford Hospital, Detroit. 
Read at the 
Central Surgical 
Feb. 24, 1956. 


From Division of General Surgery, Henry 
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The perforations are not always located 
where they are supposed to be. It is com 
monly mentioned that the segments of bowel 
fixed in position by a short mesentery are 
most susceptible to this type of injury. This 
concept is related to the idea that the lesion 
is a direct crush injury “in which the ex- 
ternal force compresses the bowel against 
the spine or pelvic bones,” as stated by 
Poer and Woliver2 


tion may be anywhere along the course of 


However, the perfora- 


the bowel, and, as can be seen in Table 1, 


it is most frequently located in the jejunum 


or ileum. In our cases the bulk of the 
Papte 1.—Comparison of Sites of Perforation in 
Other Series 
Site Poer and Hunt and | 
Woliver | Bosworth} Bowden HFH 
Stomact 1 ? 0 0 
Duodenum 2 0 ag 1(?) 
Jejunum l 5 2 9 
lleum 13 6 3 10 
Colon 2 ? 0 0 
Associated 
mesenteric r l 


injury 


Paste 2.—Distance of Perforations from Fixed 


Points of Small Intestine in Nineteen Cases 


Cases 

Jejunum distance from ligament of Treitz 
30 cm, or more t 
Less than 30 em 2 
Site not specified l 


Lleum distance from ileocecal junction 


30 cm. or more 6 
Less than 30 em 1 
Site not specified 3 
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Abdominal Trauma 


TABLE 3.—Data on Twenty Intestinal Perforations from Nonpenctrating 





No. | Mode of Injury Location Distance from Size of Lesion Associated 
| | of Lesion Ligament of Treitz | Mesenteric 
| | or Lleocecal Injury 
| Junction | 
& | 7 | -_ 

1 |} Struck by wooden pole Tleum 30 em. Small | None 
| | 
— } | | 
2 | Struck by 150 1b. weight | Jejunum 60 em, Small None 
| | | 
| 3 | Auto collision | Jejunum ? 2 small* | None 
| | | | 
6 E | | 
{ | Auto collision | Ileum ? ? | None 
s - | — | | | 
5 | Pinned to wall by truck | Jejunum 20 em. Small | None 
| | 
6 | Struck by metal bar ; Hleum ? Small None 
| | 
= | . . 
7 | Auto collision Jejunum | 100 em. 15em. None 
8 | Struck by metal bar } Jejunum 90 em. 10em. None 
9 Fell from truck, struck truss; inguinal | 
hernia Heum ? Small None 
10 Auto collision } Jejunum #em. 4mm. None 
11 | Fell against machine Tleum 100 em. Small None 
. | | 
| - Gre 
12 | Motoreyele collision } Jejunum 30 cm. 5mm, None 
ee | | 
13 | Crushed between tractor and wall | Jejunum 130 em. ? Mesentery 
| stripped for 1.5 
| feet 
14 Struck by streetcar Ileum 100 em. lem. None 
- | 
15 | Caught between conveyor and motor | 
block | Hleum 80cm. None 
ai slecl ae 
16 Struck by shovel | Jejunum 90 em. 2¢m. None 
17 | Struck by wood from power saw Nleum 60 ¢m lem, and None 
| 1.5em, 
18 | Struck by metal bar Duodenumt (Ist portion) 5mm None 
| 
| 
| 19 } Fell on pavement Nleum 60 em, 1jem None 
| ie 
j } 
| 20 | Attempt to reduce incarcerated hernia Lleum 60¢m, 1.5em. None 
| 
| 


*T’wo small perforations 30 em, apart. 


tPatient with peptic ulcer history; probably perforated ulcer with incidental trauma. 


lesions were well along into the more mobile 
portions of the jejunum and ileum. Of 20 
cases, 6 of the 9 jejunal perforations were 
30 cm. or more from the ligament of Treitz, 
and 6 of the 10 ileal perforations were 30 
cm. or more from the ileocecal junction 
(Table 2). 


mesentery 


It would appear that a short 
the 
bowel does not increase the vulnerability to 


which limits mobility of 


nonpenetrating traumatic perforation. 
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Perforation of the intestine can occur 
without a crushing force sufficient to pul- 
Table 3, 


Case 20 refers to a 63-year-old man who 


verize the wall of the bowel. In 
attempted to reduce an incarcerated right 
While 
pushing on the hernia, he felt a sudden 
pain in the midabdomen. 


inguinal hernia himself by taxis. 


Symptoms and 
signs of peritonitis followed. At operation 
contaminated fluid was found in the pert 


| 


| 
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PERFORATION OF INTESTINE 


toneum when the hernia sac was opened 
A second incision 


1.5 em. 


through a groin incision. 
was made in the abdomen, and a 
perforation was found in the ileum about 
60 cm. from the ileocecal junction and about 
30 cm. from the loop, which was caught in 
the hernia sac. The linear rent in the long 
axis of the bowel was surrounded by nor- 
mal tissue. 
Case 19 in 
Here 


disease fell forward upon a smooth stretch 


Table 3 is likewise illustrative. 
a man without previous abdominal 


of pavement while slowly walking toward 


his home. This concussive blow to the ab 


domen produced a small perforation sur 
rounded by normal tissue in the distal ileum. 
Perforations with this characteristic appear 

the j 
Hunt and Bowden describe a lesion 


ance are result of varying types of 
trauma. 


found in a 47-year-old man who was caught 


between a moving tractor and a wall. “A 
perforation approximately 5 mm. in di- 


ameter on the antemesenteric border of the 


ileum about 2 in. 


was found. There was little or no evidence 


of trauma to the intestine surrounding the 


nerforation, and it was our impression that 


TABLE 4. ] 
upon Abdominal Wall of 
No. Height of fall, | Intestinal 
(Ft.) | Rupture 
| 
| 
4.5 0 
2 4.5 + 
3 3.0 4 
: | 
4 3.0 0 
3.0 0 
6 3.0 | 0 
| 
| | Z | 
4.5 | 0 | 
| ' 
: | | 
8 3.5 | 0 
| 
| 9 | 3.5 je 0 
es = ae 
| 
10 3.5 0 


from the ileocecal valve 


the bowel had been ruptured from the pres- 
sure within its lumen.’ 

These small perforations are quite differ- 
ent from those intestinal ruptures produced 
by severe crushing and shearing forces. A 
dramatic example of the latter type is given 
by Sauerbruch in his description of a pa- 
tient who fell from a height of three stories, 
The 


patient’s mesentery was torn from almost 


striking his abdomen against a pole. 


the entire length of the small intestine, and 
the bowel was partially severed.t Bosworth 
records two instances in which the bowel 
was completely transected by nonpenetrat- 


ing trauma." 


Experimental Crushing and Shearing 
Injuries of the Bowel and Mesentery 


In 10 experiments, 50-Ilb. weights were 
dropped from heights of from 3.5 to 4.5 ft. 
onto the abdomens of intact etherized dogs. 
(Table 4). At autopsy eight of these ani- 
mals had free blood in the peritoneal cavity. 
The source of the bleeding in six was from 
torn vessels in the small bowel mesentery. 
In these instances the mesenteric attachment 


Crushing and Shearing Injuries Produced by Fall of Fifty-Pound Weight 


Ten Dogs 


| | 


Mesenteric Injury 


a ; Injuries to Other 
With Vascular | Without 7iscera | 
Injury } Vaseular Injury 
} ee 
| 
0 | + 0 
4 0 
+ 0 
+ 0 
0 0 Left renal pedicle 
severec } 
0 0 Left renal pedicle 
| severed 
0 | 0 0 | 
he | 0 
| 
i - 
+ | 0 
ana a - ile ita 
| 0 
+ | 










































distances; sometimes sizable segments were 


devascularized. Two animals bled from 
torn renal pedicles. One animal had tearing 
lesions of the mesentery between the vas- 
cular arcades in the jejunum and ileum 
without injury to the vessels themselves. In 
association with shearing lesions of the 


mesentery and its vessels, two animals 
sustained shearing, crushing injuries involv- 
ing the bowel wall itself. These lesions were 
from the 


entirely different in character 


lesions discussed earlier. They consisted 


of large gaping wounds with irregular bor 


Fig. 2.— Hemorrhage 
into intestinal wall from 
crushing wound. Hema- 
toma formation in sub- 
mucosa. Jleum. Hema- 
toxylin and eosin; re- 
duced about 2/5 from 


44. 


mag. » 





was sheared off the bowel from varying 
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ders and were located at the attachment 
of the mesentery to the bowel wall. In the 
example depicted in Figure 1, the bowel was 
partially transected by one of the ruptures. 
A feature common to these lesions was 
extravasation of blood into the mesentery 
and bowel wall surrounding the ruptures. 
Similar ecchymotic areas were seen in non- 
ruptured segments of bowel (Fig. 2). 

1903, postulated that a 
blow to the abdomen, by striking two ends 


Sauerbruch, in 


of a bowel segment, could create a closed 
loop with high intraluminal pressure causing 
a bursting perforation at a distance from 


Fig. 1.—Crush wound 


of the ileum in a dog. 
The mesentery is sheared 
off the bowel. The bowel 
wall is mutilated and al- 
most transected at one 
point. Intraperitoneal 
hemorrhage resulted 


from torn vessels 
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the blow.* He also discussed two alternate 
possibilities: a blow which closed off one 
end of a segment when the other end was 
blocked by a spasm or kink in the wall, or 
a blow which raised the pressure in a loop 
kinks at 
force applied to an intact abdominal wall 


closed by either end. To equate 
with the resultant increase in the pressure 
within the lumen of the bowel the following 


experiments were done. 


Pressures in the Lumen of the Bowel 
Produced by Abdominal Wall Trauma 


Weights were dropped upon the anterior 
abdomen of six etherized dogs with hydro- 
static balloons placed in various segments of 
the bowel and peritoneal cavity. The rubber 
balloons containing about 5 cc. of saline 
were connected by means of polyethylene 
tubing brought out through small flank in- 
cisons to electronic manometers held in a 
fixed position beside the animal. In six 
determinations on each animal, — blunt 
weights of 8 Ib. dropped from a vertical 
distance of 2 ft. produced sudden rises of 
pressure varying from 150 to 900 mm. of 
Hg No clear-cut differences were observed 
in the pressures recorded in different seg- 
ments of the small intestine, colon, stomach, 
or peritoneal cavity. No conclusions could 
be drawn concerning pressure gradients or 
susceptible areas from these experiments. 

The significant point, as we see it, is that 
even with relatively small forces the pressure 
in the lumen of the bowel can approach the 
bursting strength of the bowel wal (Fig. 
3), cited by Wangensteen as a minimum of 
300 mm. of Hg for the canine small bowel 
and 140 mm. of Hg for the human small 
bowel.* Of course, if this were the only 
factor under consideration, rupture of the 
bowel would inevitably follow such in 
However, none of the animals in 
The 


pressure is 


creases. 


this series sustained bowel rupture. 


sudden increase of the bowel 
dissipated by kinetic flow as the bowel con- 
distally 


A simple ex- 


tents move either proximafly or 
under force of the impact. 


ample of this fact is the expulsion of feces 





r300 


r200 


Mmfr 
Hg 








ileum 


Whhiwwwi=: << 





Fig. 3.—Rise in intraluminal pressure of distal 
ileum of dog with fall of an 8 lb. weight from a 
2 ft. onto the abdominal wall 


height of 2 
from the rectum of an animal receiving such 
an impact. 
Blows Which Create Closed 
Intestinal Loops 
When 


are prevented from traveling, however, the 


the contents of the bowel lumen 
hydrostatic pressure is directed against the 
This 


occur ‘when the traumatizing force itself 


walls of the segment involved. can 
suddenly obstructs two ends of a loop of 
small intestine. In this situation a perfora- 
tion can occur which is a hydraulic or burst 
ing type of injury dependent on the fluid 
within the bowel for its production. Fig- 
blunt 
force was applied to the juxtaposed ends of 


ure 4 illustrates such an event. A 
a loop of canine ileum protected by an ex- 


The 


site of the blow was marked by laceration 


cised portion of the abdominal wall. 


of the seromuscular coat, but the submucosa 
remained intact. At about 30 cm. from the 
site of the blow a 5 mm. perforation oc- 
curred on the side of the bowel wall. 
Comparison of the Effects of Direct 
Crushing Forces and Hydraulic Forces 


on Segments of the Intestine 


An experiment was set up in which a flat 
30 Ib. weight was dropped consecutively onto 


eight excised empty segments of canine small 
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E i 


be 


intestine protected by the thickness of the 
abdominal wall from distances of 6 and 12 
in. No disruption of the integrity of the 
intestinal wall occurred. A small seromus- 
‘ular laceration was seen on one segment 


TABLE 5, 


6 In, Height 


| 

; } 

Segment Injury | 

Jejunum None | 

| 

, e | 

Jejunum None | 

| : : 

lleum None | 

eee ore ea esas eee hones | 
Ileum 


None | 





Fifty-Pound Flat Weight Dropped onto 
Empty Bowel Protected by Abdominal Wall 


} 
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Fig. 4— Loop of dog's 
ileum traumatized on its 
Sero- 


laceration at 


juxtaposed ends 
muscular 
site of blow marked on 
left. Perforation at a 
distance from the blow. 
Stick inserted into per- 
foration. 


of the 12 in. group (Table 5). The ex- 
periment was repeated with use of similar 
segments which had been filled by water 
from a tap, following which the open ends 


of the segments were closed. In each of 


Thirty-Centimeter Segments of 


12 In, Height | 


Segment Injury 


Duodenum Seromuscular rent at site of 


blow 


| 
Jejunum None | 
= bas P| eee ee ns ee — 
Jejunum None 
Jejunum None | 
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TABLE 6. 


-Fifty-Pound Flat Weight Dropped onto Thirty-Centimeter Filled Closed 


Intestinal Segments Protected by Abdominal Wall 


6-In. Height 


| 

| ] 
} - | : 
| | Site of | Distance 
| | } 


Segment Perforation from Size of 
| on Wall Blow Perforation 
| 4 ake _| 

| 
Ileum 2 o'clock 0 2cem, 
| 
lleum | 2 o'clock | lem. 6mm. 
| | 
| lleum 2 o'clock | 0 2cm. 
| 
lleum 2 o'clock 10 cm. 8mm. 


these eight experiments small perforations 
The 


perforations were located either near or at 


of the bowel wall occurred (Table 6). 


a distance from the site of the blow. They 
were structurally similar. Each consisted of 
a longitudinal rent in the bowel wall (Tig. 


Fig 5 Characteristic 


bursting perforation in 


eum of dog, demon- 


strating the isolated na- 
ture of lesion with sur 
rounding normal tissue. 


12-In. Height 


| 

| Site of Distance 

: | 

Segment | Perforation from Size of 

on Wall Blow | Perforation 

Duodenum | 4 o'clock 15 em. 3 cm. 
Jejunum 2 o'clock 3 cm, 2cm. 
Jejunum 12 o'clock 15 cm. 2 cm, 
Jejunum 5 o'clock 0 5 cm. 

9). The seromuscular opening was longer 


The 
in response to pres- 
When the 


holding strength of the submucosa is ex- 


than the hole through the submucosa. 


muscularis splits first 
sure within the lumen (Tig. 6). 


> 





The seromuscular rent is os “ 

larger than the hole a 

through the submucosa. : , . 7 
. ° ae 7 | 

Contrast with Figure 1. METRIC i Se ae. 










ee? 


hee 


Fig. 6—Splitting of 
muscularis and mucosa in 


response to pressure with- 


in the bowel lumen. The 
submucosa bursts _ last. 
Ileum, Hematoxylin and 
eosin; reduced about 2/5 


from 34 


mag. 

































When_ the 
holding strength of the 


Fig. 7.- 


submucosa is exceeded, a 
bursting perforation oc- 
curs. The opening in the 
muscularis is larger than 
that in the submucosa. 
Ileum. Hematoxylin and 
eosin; reduced about 2/5 


from mag. X 34 


ceeded, the characteristic bursting perfora 


tion occurs (Fig. 7). 


Vulnerable Area of the Bowel Wall 


recta 


The 


through the muscularis and submucosa be 


tunnel made by the vasa 
fore breaking up into the submucus plexus 
represents a vulnerable structural point on 
The 


layers of the muscular coats are separated 


the wall of the intestine (lig. 8). 
by the vessel as it courses through them, 
and the elastic fibers of the submucosa are 
When the 


within the lumen is suddenly increased, it 


interrupted (Tig. 9). pressure 
is at this point where the intestinal bulk 
head is thinnest that the break in continuity 
of the wall is located. 


Comment 


In correlating our experimental and clin 
ical data, it that different 
types of intestinal rupture may take place 
to the intact ab 


dominal wall. Shearing and crushing lesions 


appears to us 


as the result of trauma 
of the bowel are the product of blows from 
large and probably acutely angled objects 
or falls from heights in which the abdomen 
is traumatized. Tearing and crushing in- 
juries of the bowel wall in our experiments 
were characterized by irregular gaping rup- 
tures and extravasation of blood into the 
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the blow. A force 


which ruptures the bowel wall by direct 


site of 


tissues of the 


crushing also disrupts the walls of the ves- 
sels supplying the injured segment. 

Intestinal perforations from trauma to 
the intact abdomen in our experience are 
usually isolated lesions surrounded by nor 
mal-appearing tissues. They are found in 
the mobile portions of the small intestine 
oftener than in segments fixed in_ position 
by a short mesentery and are characterized 
by linear rents in the seromuscular layers 
with small openings through the submucosa. 
experimentally, lesions with identical fea- 
tures can be produced by hydraulic forces 
in traumatized closed loops which burst the 
intestinal wall from within. The quantity 
of the bowel contents and the placement of 
the traumatic force would be important con- 
siderations in clinical duplication of this 
mechanism. 

The exact explanation for the predilec- 
tion of traumatic perforations for certain 
segments of the intestine is not completely 
clear. The fixation of a segment by a short 
mesentery does not make it more vulnerable. 
In fact, the duodenum seems to enjoy a 
relative immunity from this lesion. The 
perforations in the jejunum and ileum do 
not occur at their fixed points as a rule, but 
The lack of 


duodenal involvement could be explained in 


at some distance from them. 
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PERFORATION OF INTESTINE 


Muscularis 


Submucosa 


Mucosa 





Mesentery 


Nutrient artery 


Fig. 8—The path of the vasa recta through the 
layers ef the intestinal wall provides a potential 
weak point at which bursting perforations occur. 
Drawn from section of canine jejunum, Compare 
with Figure 9 


two ways. It is hidden behind much of the 


rest of the small intestine and would thereby 
receive the direct brunt of abdominal blows 
less frequently. More important perhaps is 
the fact that 
unlikely to 


a striking object would be 
both 
that its 
acutely distended by the intraluminal pres 


occlude ends of a seg 


ment of duodenum = so wall was 


sure. The stomach and large *bowel, which 


are almost never the site of these lesions, 


are perhaps protected in the same fashion. 





Nutrient 
Path 


jejunum. 


of canine 
injected with particulate suspension. 
splits the muscular coats and separates 
the elastic submucosal fibers. The intestinal bulk- 


Fig. 9—Section 


artery 
ot artery 
head is weakest at this point. Compare the two 


sides of the intestinal wall. Hematoxylin and 
eosin; reduced about 4% from mag. X 34. 


An appreciation of the characteristics of 
differing types of nonpenetrating traumatic 
serve as 


perforations should a guide to 


treatment. No one could miss a lesion such 
as that depicted in Figure 1. The bleeding 
from the torn mesenteric vessels and leak 
age from the mutilated, transected bowel 
would produce signs demanding early op 
erative intervention and repair. The small 
perforations, such as in Figure 5, constitute 
problems of management. They are often 
the product of insignificant trauma. They 
seldom produce free air on roentgen ex 
amination of the abdomen. They give rise 
to signs of peritonitis slowly. And they can 


be overlooked during exploration of the 
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abdomen unless the small bowel is carefully 
examined. 
Conclusions 

Beside the need for early operative inter- 
vention in cases of nonpenetrating traumatic 
intestinal perforation, we wish to stress the 
importance of searching for small bursting 
lesions by careful inspection of both sides 
of the small bowel throughout its length, 
as well as the more obvious areas of lacera- 
ted bowel and torn mesentery. 


DISCUSSION 


Dr. Morrts T. FRriepett, Chicago: In June, 
1942, at the Battle of Midway, one of our de- 
stroyers pulled alongside a carrier which was 
sinking. At that time the depth charges of the 
destroyer were in what was known as the armed 
state. The sank, with the 
There were many men in the water at that time, 


carrier destroyer. 


who were exposed to immersion or underwater 
blast. 

\ number of the survivors were brought to 
the Naval Hospital at Pearl Harbor with lesions 
in the gastrointestinal tract which corresponded 
to the external nonpenetrating damage that has 
been evidenced in these Slides. 

Ordinarily, when a destroyer sinks, the arming 
mechanism is supposed to be disarmed, and so 
these injuries were seen only seldom during the 
war. However, we had some 20 patients with per- 
foration of the gastrointestinal tract, apparently 
overriding the spine, the mechanism probably 
being the same as that reported in pulmonary blast 
injury in which hemorrhage, ecchymosis, and so 
on, occur in the pulmonary alveoli. (Triedell, 
M. T., and Ecklund, A. M.: Experimental Im- 
mersion Blast Injury: Preliminary Report, U. S. 
‘avy M. Bull. 41 :353-363 (March) 1943; Friedell, 
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M. T., and Burke, R.: Preliminary Appended Re- 
port on Causation of Blast Injury, U. S. Navy 
M. Bull. 41:363-366 (March) 1943.) 

Dr. Ropert M. ZoLirncer, Columbus, Ohio: 
Prior to 1953, in 915 cases we had 11 patients, 
or an incidence of about 1 per 100. These statistics 
were provided for me by Dr. Ullery, of the De- 
partment of Gynecology. However, in the 1953- 
1954 period, 225 cases were treated, and we have 
had radiation enteritis in 20. During this period 
the external radiation was increased, along with 
the routine use of Co”. In other words, most of 
these patients who were in difficulty had _ total 
dosages between 9000 r and 14,000 r, with an 
average of about 12,000 r. 

Concerning treatment we agree very much with 
the authors. You must be conservative as long 
as you can. We have resorted to the use of long 
tubes for a period of time to control the signs 


; ; é a 
and symptoms of obstruction. We have carried 


out colostomy and resection in some cases. Since 
the healing is not good, the blood volume must 
be replaced. Factors of 


sepsis are always a 


problem. We believe that the use of very heavy 


external radiation must be curtailed. 
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A blood shunt explaining intermittency 
of function of the stomach, to our knowl- 
edge, was first suggested by Barlow, Bent- 
ley, and Walder in 1951.) 


demonstrated the shunt functionally by per 


These men 
fusion experiments and by radiophotomi 
croscopy. These findings are in accord with 
Zweifach’s basic concept of the functional 
capillary unit,? which is arranged so as to 
bypass tissue at rest, except for maintenance 
blood supply, and so as to flood the capil- 
laries when work is demanded of the tissue 
in question. Zweifach reported his concept 
in 1939, It is illustrated in Figure 1. 

In 1954.3 we 


the number of blood-filled capillaries per 


reported a comparison of 
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Fig. 1—Zweifach’s concept of the basic capillary 
functional unit. (Reproduced from article by E. B. 
Miller: A Study of the Capillaries of the Gastric 
Mucosa, Surgery 36:898, 1954, published by The 
C. V. Mosby Company, St. Louis.) 


aslric  -_, - - a in the 7: = 


millimeter 


and 


square between ulcerative 
nonulcerative disease of the stomach. These 
counts were made by calibrating a standard 
monocular microscope field against a blood- 
counting chamber. There was demonstrated 
from the slides of the University of Mich- 
igan in Ann Arbor, Department of Path- 
ology, a significantly greater average num- 
ber of blood-filled capillaries in the mucosa 
of those stomachs having ulcerative disease. 

The above led us to be alert for some 
opportunity to observe the gastric mucosa 
in VIVO. 


The following summary reports 


such a case. 


Report of a Case 


A 59-year-old man had a disarticulation of the 


right lower extremity at the hip joint on June 
16, 1953, for a fibrosarcoma of 
thigh. 


did well and had no trouble until readmitted to the 


the upper third 


of the right Following the operation he 


hospital in July, 1954, with complete esophageal 


obstruction. This was due to bilateral pulmonary 
metastases causing extrinsic pressure on the esoph- 
agus. 


The patient was examined by esophago- 


scopy, and nothing could be passed beyond the 


point of obstruction. He was informed as to the 


nature of a permanent gastrostomy, following 
which he expressed the desire that one be done. 
On July 15, 1954, it was done, as illustrated in 
Figures 2 through 5. Following the permanent 
gastrostomy and feeding by the same means, his 
general condition improved temporarily. He died 
on Oct. 12, 1954. 

Through this gastrostomy it was possible to 
view the entire stomach and to look into the lower 
esophagus and into the duodenum, using a_ sig- 
moidoscope. It offered the opportunity of repeated 
hiopsy of the gastric mucosa under various con- 
ditions. The following tests were done: 

On Aug. 24, 1954, 


9:55 am 


the patient was observed at 


He had finished eating at 8 a.m., and 
at the time of observation he was comfortable. 
The stomach was quiet and empty. The interior 
of the stomach was viewed with the sigmoidoscope, 


gastric mucosa was taken, which 


and a biopsy o 
had an average blood-filled capillary count of 31 
per square millimeter. At 9:56 a.m. he was given 


1 mg. of histamine by hypodermic injection. By 


465 













A, M. A. ARCHIVES OF SURGERY 









COMPLETE OBSTRUCTION 
im) (iQ OF ESOPHAGUS BY 
apes EXTRINSIC TUMOR 
MASSES 


TRANSVERSE CuT 


ANTERIOR and POSTERIOR 
WALLS of STOMACH 











De— ALLEN CLAMP 







= ALLEN CLAMP 
ef 
» A 
ar wee ee ee 
PLYORUS 
GASTROSTOMY OPENING 
IN LEFT UPPER 
GASTRO EPIPLOIC QUADRANT OF 
VESSELS ABDOMEN 
= 
UMBILICUS 
CUT IN GASTRO-HEPATIC LIGAMENT ANTERIOR SUPERIOR SPINE 
LEAVING GASTRO -COLIC VESSEL i ™a- 
ATTACHED TO STOMACH “\ ’ 
Pig. 2. First step, permanent gastrostomy. Fig. 5. Final appearance of gastrostomy, 
10:10 am. his face was slightly flushed. There 
was no particular subjective change. At 10:12 
ANTERIOR WALLSUTURED «= «0. the «gastric mucosa had an average blood- 
-} TO POSTERIOR WALL filled capiliary count of 53 per square millimeter. 


This was 16 minutes after the injection of hista- 
mine. By 10:30 a.m. the gastric mucosa was se- 
creting a clear fluid, which promptly turned blue 
litmus red. A capillary count at 10:46 a.m. was 
ALLEN CLAMP 51 blood-filled capillaries per square millimeter. 
By 11:45 a.m. secretion was less and a count was 
45 capillaries per square millimeter. This series 
ot observations is illustrated in Figure 6 

On Aug. 29, 1954, the patient was observed at 
10:10 a.m., approximately two and one-half hours 
after having eaten. He was comfortable. His 
pulse rate at that time was 112 per minute. A 


biopsy specimen in this fasting state was taken at 
Fig. 3.—Second step, permanent gastrostomy. 
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Fig. 6.—Biopsies from human stomach through 
Fig. 4-—Third step, permanent gastrostomy. permanent gastrostomy before and after histamine. 
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10:25 a.m., on which the blood-filled capillary count 
was 39 per 10:30 a.m. he 
was given, by hypodermic injection, 1 cc. of 1:1000 
(Adrenalin) solution. At 10:43 a.m. 
his pulse rate was 128 per minute. He felt slightly 


square millimeter. At 
epinephrine 
short of breath, and there was a pallor of his face. 


At 10 :47 a.m 


blood-filled capillary count was 34 pet 


a biopsy specimen was taken, on 
which th 
square millimeter. At 10:53 a.m. the patient felt 
slightly nauseated and weak, and his pulse rate Was 
He was breathing quite rapidly and 


11:05 a.m. 


142 per minute 


stated that he felt very nervous. At 


the patient felt better the face 


and the pallor oO 


was less. His pulse rate was 138 per minute 


At Il:15 


taken, upot 


additional biopsy specimens were 
which the blood-filled capillary count 


) 


was 27 per square millimeter. This was approxi 


mately 45 minutes after the injection of epinephrine 
A biopsy was done at 11:59 a.m., on which the 
capillary count was 30 per square millimeter. This 


series of observations is illustrated in Figure 7. 
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nephrin 


Biopsies from human stomach throug! 
gastrostomy before and after epi 


\drenalin ) 


1954, at 10:10 am., 


fasting state. Tle 


On Sept. 4, the patient was 


observed in was comfortable, 


} 


aving last been fed at 7 a.m. His pulse rate Was 


12. A fasting-state biopsy specimen taken at 11:25 
blood-filled capillary count of 32 per 
11:30 am. a dose of 0.0012 
sulfate was given by hypodermic 
needle. At 11:40 am 
change. At 11:48 a.m., 


pine injection, a biopsy specimen had a blood-filled 


am. had 
square millimeter. At 
gm. of atropine 
there was no. subjective 


18 minutes after the atro 


capillary 
11:50 an 


count of 23 per square millimeter. By 
the patient noticed dryness of his mouth, 
and it was noticed by the observer that his face 
was flushed. At 12:20 p.m. a capillary count was 31 


Per square millimeter; this was 50 minutes after 


A final count was taken 


the injection of atropine. 


at 1 p.m.; this was 26 blood-filled capillaries per 
This 


is illustrated in Figure 8. 


millimeter. observations 


group of 


square 
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Sept 14, 1954, the 


of adrenocorticotropic hormone four 


Beginning on 


given 25 mg 


patient Was 


times daily intramuscularly. This was continued 


for six days, following which a series of fasting 


were done which are with 


compared 


biopsies 


previous fasting in Figure 9 
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In conclusion, it is believed by us that 
the above observations on a permanent 
gastrostomy give support to the existence of 
a functional blood shunt in the stomach. It 


is believed that there is enough variation in 
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the number of blood-filled capillaries to in- 
dicate that when the stomach is at rest or 
under the influence of atropine or epi- 
nephrine there are fewer blood-filled capil- 
laries than when the stomach is secreting or 
subject to vagus activity or histamine or to 
We 


sarlow, Bentley, and Walder 


adrenocorticotropic hormone. support 
the report of 
and agree with their interpretation of the 
manner in which a blood shunt functions in 
the stomach. 


Summary 


A case has been presented requiring a 


permanent gastrostomy. Through the gas 
trostomy repeated biopsy specimens were 
taken after injection of histamine, epine- 
phrine, atropine, and adrenocorticotropic 
hormone. There are more blood-filled capil 
laries per square millimeter in the gastric 
mucosa following injection of histamine and 
adrenocorticotropic hormone than there are 
in a fasting state, or following the admin- 


istration of epinephrine or atropine. 


DISCUSSION 
Dr. M. F. A. Wooprurr, Dunedin, N. Z.: I do 
not feel competent to discuss the main part of 


this extremely interesting paper, but I should like 
to make two very brief remarks about gastrostomy. 

I think that we shall all agree that the indica- 
tions for this operation extremely 


are meager. 


Some four years ago I happened to have referred 





to me two extremely emaciated infants, ages 2 and 


3 years, respectively, with virtually complete 
esophageal obstruction due to reflux esophagitis, 
In both of them a gastrostomy was performed, and 
they were still alive when, leaving New Zealand, 
[ lost track of the children later. 

The point I should like to make is that this was 
a useful operation. 
health. 
Indeed, 


The children were maintained 


in excellent Their gain in weight was 


normal. their strictures relaxed remark- 


ably. The first point is that gastrostomy, I think, 
is sometimes useful. 
The 


gastrostomy, | 


the 


should do 


that if make 
that 


as was done in the case illustrated here and make 


second point is you 


am. convinced you 
a definite mucosa-lined tube. 
the 


Then vou can use a method described by Edgar 


I turn down a flap 


hinged on greater curvature of the stomach. 


Kaye in Australia before the war, that of feeding 


a perfectly normal diet, whatever the person’s 


family is eating, not homogenized food but 
minced, not as fine as the usual slush which is 
given, and put in with a certain amount of pres- 
sure. A very convenient instrument for that 
purpose is the old-fashioned “grease gun.” 


This is an operation which is seldom indicated 
but which should not be entirely forgotten 
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| Subistad Gastrectomy for P eptic Ulcer 


A Comprehensive Review of Two Hundred Thirty-Six Cases with Emphasis on the Treat- 


ment of the Ulcer Which Causes Obstruction 


WILLIAM S. CAUDELL, M.D. 

C. MARSHALL LEE Jr., M.D. 

and 

CARL A. LIEBIG, M.D., Cincinnati 


Dissatisfaction with the results obtained 
by conservative methods has led, during the 
past 20 vears, to a more aggressive approach 
to the treatment of peptic ulcer and to the 
gastric resection in an increasing 
Yet if the 


resection were indeed as favorable as many 


use of 
proportion of cases. results of 
reports would suggest, there would be little 
need for the numerous published appraisals 
of one technique as compared with another 
or for the continual restless search for better 
methods. \ deal 


about the management of the patient whose 


good has been written 
ulcer is bleeding severely or has perforated. 
Extensive consideration has been given to 
the anatomical or physiological merits of 
the Billroth | and Billroth TI principles, and 
to departures from either of these basic 
techniques in the elective surgery of peptic 
ulcer, In most of the studies in the latter 
group emphasis has been on the operation 
itself the 


patient to be 


come increasingly clear that generalizations 


rather than on the condition of 


whom. it has 


is applied. It 


are not uniformly 


applicable to the indi 


vidual case and that, in the last analysis, 


the net result is dependent on the infinitely 
variable combinations of conditions present 
ing in each patient, on the experience and 
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versatility of the surgeon, and on his judg- 
ment in employing an operation best suited 
to the case in hand. We believe that periodic 
evaluation of results should be directed 
toward better understanding of the prin- 
ciples on which such judgments are based, 
with emphasis on adapting the operation to 
the patient’s needs rather thanson his re 
sponse to a preselected procedure. 

With this objective we have undertaken a 
critical analysis of the records of 236 pa- 
tients subjected to subtotal gastrectomy for 
peptic ulcer during the five-year period 
from June, 1949, to June, 1954. 

As 


236 cases have been classified according to 


a basis for further analysis, these 


location of the ulcer (gastric 48; duodenal 
183; marginal 5) and according to the rea- 
son for operation, with a correlation of the 
and average duration of ulcer 


average age 


symptoms of the patients in each category. 


The results of this arrangement are re 
corded in Table 1 and confirm the usual 
observation that serious bleeding is com- 
moner in older patients. On the other 
hand, the belief that obstruction tends to 
occur oftenest in elderly persons with 
“burned-out” ulcers is not supported by 
these data, since the average age of the 
patients in this group was 46 years. The 


duration of symptoms was eight or more 
years in patients whose precipitating factor 
was pain (whether of gastric or duodenal 
origin), noncritical bleeding, or obstruc- 
tion, and in the last category duodenal ulcer 
Most of the 


tients with long histories of ulcer symptoms 


was a common offender. pa- 
were so impressed with the relief afforded 
by operation that they expressed, spon- 
taneously, the wish that it could have been 


provided for them sooner. It is also note 
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TABLE 1. 


Duodenum 
ain 
Bleeding 
Emergency 
Elective 
Obstruction 


Stomach 

Pain 

Bleeding 
Emergency 
Elective 

Obstruction 

Possible Ca 

Marginal ulcer 


half years or less. 


adequate, because 


PAIN 
breakdown into 
degree of pain 


BLEEDING 
once 
twice 
thrice 
several 


PREVIOUS 
PERFORATION 


VOMITING 


Fig. 1. 
antiacids) to 44 
eraded from 14 
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relatively 


Symptoms of Patients Upon Whom Operation Was 


few 


worthy that patients requiring emergency 
operation fer massive bleeding had relatively 


short ulcer histories, averaging two and a 


The usual critical technique is to classify 
patients according to their presenting or 
predominant symptom and to correlate this 
with the operative result. In our experience 


such a simplified approach has seemed in 


patients 


13 
36 


43 


. of Cases 


A. 





Average Age 
of Patients 
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Analysis of Clinical History of 236 Patients Subjected to Subtotal 
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other aspects of the patient’s complaints that 
such cases should be considered in a special 
category. But restricted consideration of pa- | 
tients in whom pain, for example, is the 
misleading, 


Only 35 (38%) of 91 patients whose pre- 
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(severe pain not relieved by antiacids or antispasmodics). 
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senting symptom was pain were found to 
have no other symptom. An almost equal 
number (37%) had both pain and a previ- 
ous history of perforation; 18% had both 
pain and a history of bleeding, and 7% had 
histories of both bleeding and perforation, 
in addition to their presenting complaint of 
pain. This analysis is graphically illustrated 
in Figure 1. Among this same group of 
duodenal 
24% 


perforation in 45% of the cases. The in 


patients with essentially painful 
ulcer, bleeding had occurred in and 
cidence of bleeding was lower in patients 
presenting with obstruction. It occurred in 
21% 


the duodenum, 


of the cases with obstruction of 
17% of 


struction caused by gastric ulcer, and 13% 


only 
the cases with ob 


of the patients whose preoperative diagnosis 
was “possible carcinoma.” Although a his 
tory of perforation was common (459%) in 
the group with painful duodenal ulcer, it 
was infrequent in the cases with the pre 
(16° ) 


or of bleeding (10%) from the duodenum. 


dominant symptom of obstruction 
As was expected, a history of perforation 
of a gastric ulcer was even less common, for 
it was elicited in only 6% of the 48 cases. 

The general principle has long been ree 
ognized that anterior wall ulcers of the 
duodenum are more likely to perforate, 
while those on the posterior wall are prone 
to erode a major vessel and bleed. Tf neither 
of these acute complications occurs, then 
ulcers in either location, and especially those 
posterior ones which erode into the pancreas, 
go on to produce progressive chronic ob 
struction. The mechanism of such obstruc 
tion varies considerably and may include 
both extrinsic and intrinsic factors. An at 
tempt was made to classify the type of ob 
struction in each of the 43 cases subjected 
to elective resection for duodenal obstrue 
The results are recorded in Table 2. 


(60C¢ ) 


tion. 


It is seen that in the 26 cases 


comprising Groups B to FE inclusive, the 


obstructing mechanism was. strongly con- 
difficult 
among the 17 cases in Group A the duodenal 


ducive to dissection, and even 


dissection was not always easy. There is, 
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TABLE 2.—Types of Duodenal Obstruction 


Group Operative Findings No. of 
Cases 
A Intrinsic cicatrical stricture only 17 
B Intrinsic stricture combined with 
constricting adhesions 10 
Cc Contracture and deformity with 
penetration into pancreas 8 
D Inflammatory mass with both ex- 
trinsie compression and intrinsic 
stricture 4 
E Massive fibrous scarring, involving 
liver, pancreas, duodenum and 
distal stomach $ 
rotal $3 


therefore, a close correlation between the 
clinical history (Table 1) and the operative 
findings (Table 2) in terms of technical 
difficulty at operation. 

In judging the difficulties to be antici- 
pated at operation, we believe that appraisal 
of the clinical symptoms is of greater value 
than is the degree of gastric hyperacidity, 
though the latter may be important to the 
type of corrective procedure employed. 
With the exception of emergency cases due 
to perforation or bleeding, all patients in 
the series received histamine gastric analy 
igure 2 


aC3S- 


is a graphic summary of the 
results of these studies. In all instances ex 


cept those gastric ulcers suspected of 
malignancy, the free hydrochloric acid was 
abnormally high, suggesting that obstruction 
is not necessarily consonant with the 
“burned-out” ulcer of low acidity. 

Most of the operations were performed 
| 


by residents in their fourth, fifth, or sixth 


vear of training, occasionally independently, 
but usually with the assistance and super 
vision of a semor surgeon. After removal 
of an estimated two-thirds to four-fifths of 
the stomach, the continuity of the gastro- 
intestinal tract was restored by various ac 
cepted methods. The gastric remnant was 
partially closed in most (198) of the cases 
and the stomach anastomosed either to the 
172 


to the duo- 


jejunum (posterior to the colon in 
cases, anterior in 3 cases) or 
denum (23 cases). In the remaining 38 
cases the entire end of the stomach was 1m- 
planted into the jejunum, posterior to the 
colon in 35 and anterior to the colon in 3 


cases. 
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A major objective of this analysis was 
to determine whether or not it is possible to 
anticipate technical difficulty prior to laparo 
tomy. As an extension of the data in Table 
1, each operative record was assessed on the 
(1) difficult 
dissection of the duodenal stump; (2) un- 


basis of the following points : 


intentional or unavoidable laceration of the 
duodenal lumen; (3) duration of operation; 
(4) 


serious technical accidents. With respect to 


volume of transfused blood, and (5) 
the first point, each operation was classified 


as either “techmieally difficult” or “not dith 
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the results summarized in 


This shows that significant tech- 


cult” and are 
igure 3. 
nical problems were encountered in nearly 
70% of patients with duodenal obstruction, 
or about twice as frequently as in any other 
group. Of the three fatal accidents in the 
entire series, two occurred in patients with 
obstruction. In one instance 


an unrecog- 


nized laceration of the common duct was 
discovered at autopsy, and in another a fatal 
disruption followed difficult closure of the 
The third fatal 


occurred in an elective procedure for bleed- 


duodenal stump. accident 


Difficulty Experienced in Dissection of Duodenal Stump. 
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ing. Here the common bile and pancreatic 
ducts were severed, but the accident was 
recognized and both were repaired. How- 
ever, during the lengthy operation a trans- 
fusion of 2500 ce. of blood was required, 
and the patient died postoperatively from 
atelectasis and hemoglobinuric nephrosis. 
The temptation to achieve routine removal 
of all duodenal ulcers, regardless of tech- 
nical difficulty, was probably responsible for 
the unfavorable result in these three cases 
and is mentioned only to be condemned. 
The preferred plan of procedure was an 
initial attempt to free the first portion of 


the duodenum without opening it, and this 
was accomplished whenever the dissection 
was easy. Occasionally, when the dissection 
was difficult, the duodenum was purposely 
opened to enable the operator to insert his 
finger and free it from the surrounding 
structures, using a technique similar to that 
At other 
times the duodenal lumen was broken into 


employed in freeing a hernia sac. 


inadvertently. In any event, the duodenal 
lumen was entered either intentionally or 
accidentally in 42% of the patients with 
duodenal obstruction or about four times as 
often as in the patients with duodenal pain 


(Trig. 4). 
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The average duration of operation (lig. 
5) contributed little, if anything, to ap- 
praisal of technical difficulty, although it 
was prolonged slightly in the cases under- 
going elective operation for bleeding, or for 
duodenal obstruction. Similarly, although 
80% of the patients received blood during 
operation, the amounts given showed no 
correlation with technical problems (Tig. 
6). It may be noted that in the last year 
of this series one of us (W.S.C.) admin 
istered a plasma expander (dextran) in- 
stead of blood in 29 cases, with no instance 
of shock either during or after operation. 
In the last one and one-half years at the 
Veterans Administration Hospital, Cincin 
nati, blood has been given only rarely during 
subtotal gastrectomy. 

It appears, then, that the critical analysis 


tends to support our initial impression that 
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Figure 6 


the presence of obstruction, more than any 
other single factor, should warn the sur- 
geon that a difficult operation may be an- 
ticipated and should permit him to consider 
in advance the available alternatives for 
dealing with the technical problems that may 


confront him at the operating table. 


Results 
1. \ortality.—The over-all mortality for 
the entire series was 5.9% (lig. 7). The 
majority ot the postoperative deaths (8) 
occurred in the small group of 23 cases 


with bleeding peptic ulcers which were op- 
erated upon as emergencies, and mortality 
rate reflects the precarious condition of the 


patient with massive hemorrhage — rather 


than the technical difficulty of the operation. 
The bleeding ulcer was in the duodenum in 


2 


13 of the 23 cases, in the stomach in 9 


MORTALITY FOLLOWING GASTRECTOMY ACCORDING TO TYPE OF PRIMARY PRE-OP. SYMPTOM 
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cases, and in the jejunum (marginal) in the 
remaining fatal case. There were 6 deaths 
in the group of 213 elective gastrectomies, 
giving a mortality rate of 2.8% for this 
series, a creditable record for the numerous 
residents who operated upon and cared for 
these patients. Autopsies were performed 
on 12 of the 14 fatalities, and the primary 
The 


causes of death are listed in Table 3. 


Taste 3.—Cause of Death—Autopsy Findings tm 


welve Cases 


Case No Primary Cause of Death 
| 
| Bile peritonitis secondary to tear in common 
} duet 
 ¥ | Dehiscence of duodenal stump 
s } Atelectasis and hemoglobinuric nephrosis 
i | Peritonitis secondary to dehiscence of gas- 


trojejunostomy 
| Lobular pneumonia and hemoglobinuric 
nephrosis 
6° | Severe enterocolitis and hemoglobinurie ne- 
| phrosis 
Severe chronic pyelonephritis and atele- 
ctasis, lower lobes 





s | Massive dilatation of large and small bowel 
(cause undetermined 

9" | Encephalomalacia, pons 

10 | Encephalomalacia, recent 

i | Encephalomalacia 

12* Perivascular hemorrhages in medulla ob- 
longata 

13 | Recurrent massive hemorrhages from upper 

\ gastrointestinal tract (no autopsy 
4 Far-advanced pulmonary tuberculosis and 


pneumonia (no autopsy 


* Elective subtotal gastrectomy 


first three of the six deaths in the cases 
operated upon electively have already re 
ceived comment, but the remaining three 
deaths deserve special consideration. One 


patient developed high temperature and 


shock on the fifth postoperative day and 
blood. 


received 100 ce. of mismatched 
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Bloody diarrhea and uremia ensued, and he 
died four days later. The findings at au- 
topsy were severe enterocolitis, pneumonia 
(lower lobes), hemoglobinuric nephrosis, 
and diffuse myocardial fibrosis. The diar- 
rhea was so severe that the patient probably 
would have succumbed to his enterocolitis, 
regardless of the transfusion accident, and 
so this death was probably not prevent- 
able. The hemoglobinuric nephrosis was, 
Another 


patient developed left-sided hemiparesis six 


nevertheless, a contributing factor. 


hours after recovery from an uneventful 


anesthetic and subtotal gastrectomy. <A 
tracheotomy was immediately done because 
of respiratory difficulty, but he died in pro- 
gressive coma on the seventh day after 
operation. Encephalomalacia was found at 
autopsy. The sixth patient in this group 
developed high temperature (103 to 105 I*) 
and oliguria and died three days after 
operation. Autopsy showed only recent peri- 
vascular hemorrhages in the medulla ob- 
longata and marked fatty metamorphosis of 
the liver. it is seen, then, that three of the 
six deaths after elective resection were from 
causes not directly related to the technical 
difficulty of operation and were probably 
The 


were related directly to the management of 


not preventable. other three deaths 
the duodenal stump. 
2. Postoperative Complications. 


were 58 patients, including the 14 deaths, 


-There 


whose course was 
(rig. 8). 


or 24% of the series, 


complicated following surgery 
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The 14 deaths have been reviewed, and in 
the remaining 44 patients the 53 complica- 
tions which occurred are shown in Table 
4. 

TABLE 4.—Postoperative Complications 
(Excluding Deaths) 


Type of Complication | No. 
| Atelectasis and/or pneumonia | 16 
| Obstruction of anastomosis 9 
| Wound infection (superficial ii 


Hemorrhage (intragastric) ) 
Subphrenic abscess 2 
Wound dehiscence 2 
Pancreatitis | 2 
5 
1 


Small bowel obstruction (adhesion 
Volvulus of small bowel 
Volvulus of small bowel about necrotic omen- 
tum 1 
| Hemorrhage (intraperitoneal) l 
| Fistula from pancreas through working incision 1 
| Sinus at site of catheter duodenostomy \ 1 
| Perforation of jejunal ulcer (1 month postop.) — | 1 
i 1 
1 


Thrombophlebitis 
Bleeding from subcutaneous vessel 


In common with most other reported ex 
perience, the most frequent type of compli 
cation was pulmonary, occurring 16 times, 
or in 7% of the survivors. In a number 
of the records pneumonia or pneumonitis 
the 


However, because 


was mentioned, and diagnosis of 
atelectasis was omitted. 
we believe that primary pneumonia is ex 
tremely rare and that pulmonary infection 
in the postoperative period is almost always 
secondary to retained secretions and atelec 
tasis, pneumonia and atelectasis have been 
combined in Table 4. The corollary of this 
is that the incidence of atelectasis and pneu 
monia is inversely proportional to the efforts 
made during and after operation to keep 
the tracheobronchial tree free of secretions. 

Postoperative hemorrhage from the upper 
gastrointestinal tract occurred five times, but 
reexploration of the stomach was necessary 
only twice. In both cases the source of the 
bleeding was in the Hoffmeister closure of 
the lesser curvature. To prevent this com 
plication, vessels of the gastric remnant may 
be individually ligated or a lock suture may 
be placed tautly as the first layer of closure 
of the lesser curvature. 

Volvulus of the small bowel occurred in 
two cases, and these patients were explored 
on the 7th and 21st days afier gastrectomy. 


Whether the mesentery of the small bowel 
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was left in a coiled position when_ the 
gastrectomy incision was closed or whether 
the twist occurred during the postoperative 
period is matter for conjecture only. It is 
elementary to mention that the position of 
the small bowel mesentery should be ex- 
amined before closure of the wound. In one 
case localized necrosis of the omentum de- 
veloped when the gastrocolic ligament had 
the 
vessels and the transverse colon, thereby 


been divided between gastroepiploic 
jeopardizing the blood supply to the omen- 
tum. Although it is somewhat more time- 
consuming, we prefer to incise the gastro- 
colic ligament close to the stomach and 
preserve the right gastroepiploic vessels. 
Secondary operations to correct postop- 
erative complications were performed in 18 


cases and are summarized in Table 5. 


Taste 5.—Operations Performed in Postoperative 
Period 


Type of Operation No. 


Gastrotomy and ligation of bleeding vessel 2 
Incision and drainage of subphrenic abscess 2 
Secondary closure of wound dehiscence 2 
1 
l 
l 


Reduction of volvulus (1 wk. postop.) 
Reduction of volvulus (3 wk. postop.) 
Enterolysis for obstructing adhesion 

Lysis of adhesions about stoma of gastrojejun- 





ostomy 1 

| Closure of perforated ulcer of jejunum 1 
| Drainage of superficial portion of working in- 

| cision 6 

Ligation of bleeding vessel in subcutaneous tis- | 

sue | 1 

Total major operations } 11 

Total minor operations 7 


? 


3. Follow-U p. 


study was achieved in 80.9% of the 236 


Satisfactory follow-up 


cases and included personal examination by 
at least one of us. In respect to the entire 
series, with or without follow-up, the results 
were interpreted as excellent or good in 
60%, fair in 8%, and poor in 7% of the 
cases. The over-all mortality rate was 5.9%, 
and 19% of the patients could not be fol 
lowed. It would be presumptuous to assume 
that all of the patients who were lost to 
follow-up had either an excellent or good 
result. However, it was possible to estab- 
lish that none of these patients consulted 
Administration Hospitals, 


other Veterans 


which offers some basis for assuming that 


} 








be 





he 


p> 
18 


Ap 





the majority of them enjoyed a satisfactory 
result, although these are not included in the 
60% mentioned above. Many of the patients 


whose results were judged as poor or 


fair were nonetheless satished with their 


surgical results and were glad to exchange 
their symptoms of active ulcer for post- 


gastrectomy symptoms of varying severity. 


Comment 


the which have 


been reviewed deserve special emphasis. The 


Some aspects of cases 


long duration (eight years or more) of 
symptoms in most of the patients was of 
interest to us. Prolonged disability, repeated 
hospitalizations, and absence from work due 
to symptoms of ulcer are difficult of statis 
tical analysis but were common features in 
most of the histories. 

While the medical management of peptic 
endorsement in suit 


ulcer has our strong 


able cases, this study has given us_ the 


distinct impression that “conservative” 


methods were often unduly prolonged, to 
the serious disadvantage of the patient. [ef 
fective medical management requires com 
piete patient cooperation and close, regular 
supervision by the physician, an ideal which 
achieved in the patients com 
When medical 
the the 


Was rarely 
prising this series of cases. 
falls 


incidence of failure is necessarily high. In 


management short. of ideal, 


these circumstances “intractabilitv’” must be 


accepted sooner, and medical treatment 


should be abandoned. 

[t is not our contention that surgical 
treatment is a panacea which restores most 
peptic ulcer patients to perfect health and 
relieves them of the necessity for continued 
the 


possible result is to be achieved. It is a 


restraint and self-discipline, if best 
common assumption that the patient who 
fails to receive a satisfactory result from 
operation is a “surgical failure,” while the 
patient who does not respond to medical 


management has an “intractable ulcer’ and 
the 


gesture of despair, no matter how good or 


may be turned over to surgeon as a 


bad his medical management may have been. 
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With either medical or surgical management, 
if the patient follows his instruction the re- 
sults are better than they are if he throws 
the entire burden on the physician and 
makes no contributory effort himself. As 
a rule, the patient who has been subjected 
to a well-designed surgical procedure can 
better tolerate neglect of necessary restric- 
tions because more radical measures have 
been employed to reduce his gastric acidity 
and to obviate such complications as hemor- 
Never- 


ulcer and 


rhage, obstruction, or perforation. 
theless, the incidence of stomal 
postgastrectomy symptoms will always be 
higher among patients who fail to adhere to 
the self-disciplines prescribed for them. 
To retrace this line of reasoning then, it 
appears that the patients included in the 
present study might have been referred for 
surgical treatment earlier than is usually the 
case, since inadequate medical management 
seems to have been unusually common and 
The 


technically difficult operations would have 


was continued too long. incidence of 


been substantially reduced, and many pa 


tients might have been spared months or 
years of suffering and economic incapacita 
tion. 

Once surgical intervention has been ¢ 
cided upon, the corrective procedure best 
suited to the case in hand is preselected, 
with due consideration to the possible limita- 
tions and modifications which may be im 


As a 


of the appraisal here reported, certain gen- 


posed by technical difficulties. result 
eral principles have been evolved in con 
nection with the. surgical management of 
peptic ulcer, but the discussion will here 
be confined to the technically difficult aspects 
of gastric resection, without diversionary 
consideration of perforation, bleeding, nu- 
tritional state, or existing hyperacidity as 
special problems. 

The fact that a patient has been scheduled 
for a subtotal gastrectomy does not neces- 
sarily mean that a portion of his stomach 
must be removed. There is a_ tendency 
among some surgeons to consider a sched 
uled gastric resection as a sort of personal 
challenge to be completed at any cost, and 
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this probably contributes more than any 
other single factor to the complications of 
elective gastric surgery. Although methods 
of dissecting and closing the duodenal 
stump are as numerous as the techniques 
for reanastomosis of the gastrointestinal 
tract, no single procedure has proved satis- 
factory in all cases. The following technical 
pattern, assembled from published reports 
and from our own observations, has been 
evolved over the past five or six years and 
has been satisfactory in our hands. 

A duodenal ulcer, generally speaking, 
should be removed when its removal may 
be accomplished easily and safely. In the 
presence of exsanguinating hemorrhage its 
removal is desirable, but not mandatory. 
The bleeding vessel may be transfixed from 
within the duodenum with a nonabsorbable 
suture and the ulcer excluded. Following 
exclusion, if the entire antrum and pylorus 
are removed, the ulcer will heal gradually 
and no further bleeding may be expected. 
When a duodenal ulcer is densely adherent 
to the pancreas and no obstruction exists, 
exclusion may be a safe and effective pro 
cedure. On the other hand, when a duo- 
denal ulcer is densely adherent to the 
pancreas and partial or complete obstruc- 
tion is present, gastroenterostomy and vago- 
tomy may be preferable. In such a situation, 
the risk of injury to the common bile or 
pancreatic ducts is great if the ulcer is re 
moved, and dehiscence of the duodenal 
stump may be expected if the ulcer is ex 
cluded in the presence of more distal ob- 
struction. If initial palpation reveals a 
large inflammatory mass about the proximal 
duodenum, a gastroenterostomy and vago 
tomy should be performed. If no mass is 
felt, further steps preliminary to resection 
may be taken without irrevocable commit- 
ment until it is established that it may safely 
be accomplished. The gastrocolic ligamen: 
is divided between the gastroepiploic vessels 
and the stomach, freeing the inferior and 
posterior gastrocolic ligament and posterior 
antrum. Next, the remaining right side of 
the greater curvature may be freed to the 
pylorus. At this point, the proximal duo 
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denum should be examined. It may 
incise _ the 
peritoneum to the right of the duodenum 


and to rotate the duodenum and head of the 


occasionally be necessary to 


pancreas medially (Kocher’s maneuver). 
This facilitates more detailed inspection and 
limited dissection, still without commitment 
to mandatory resection. If the proximal 
duodenum is densely adherent to the pan- 
creas, or if an inflammatory mass is found 
about this area, further consideration of 
gastrectomy may be abandoned and a gas- 
trojejunostomy and vagotomy can be per- 
formed. If the above findings are not 
present, dissection of the duodenal area may 
be continued and either removal or exclusion 
of the 
plished. 


ulcer may safely be  accom- 
l‘inally, if the dissection has pro- 
ceeded to the point where resection must be 
done, before discovery of a quantitatively 
or qualitatively inadequate duodenum for 
closure or anastomosis, a catheter duodenos- 
tomy may be lifesaving. 

There can be no absolute indications for 
any of these variations in the conduct of 
Much 
depends upon the technical experience and 


difficult operations for peptic ulcer, 


judgment of the surgeon, and procedures 
which are safe in one pair of hands may 
be dangerous in another. Nevertheless, he 
is the best surgeon who recognizes his own 
limitations as well as those imposed by the 
patient confronting him. He will employ 


the procedure which is most likely to 
accomplish the desired result with maximum 


sa fety. 
Summary and Conclusions 


A comprehensive analysis is presented of 
236 consecutive subtotal gastric resections 
for peptic ulcer. Particular emphasis is 
placed on correlation of technical difficulties 
with the presenting clinical findings. It is 
noted that technical difficulty was encoun 
(68%) and_ the 
duodenum was either intentionally or acci- 
(42%) in 
obstruction was the dominant feature of the 
that the 
presence of significant obstruction in peptic 


tered) more frequently 


cases where 


dentally opened 


clinical. picture. This suggests 
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ulcer should forewarn the surgeon of a 
difficult operative procedure and permit him 
to prepare for it. 

The study suggests that inadequate or un- 
satisfactory medical management is often 
unduly prolonged. If these failures were 
recognized earlier and accepted as_ such, 
with a prompt decision in favor of surgical 
intervention, the incidence of technically 
difficult, high-risk cases could be substan- 
tially reduced. 

Especial attention is given to the 
importance of adapting the surgical pro- 
cedure to the needs of the individual pa- 
tient rather than evaluation of the technique 
itself in terms of patient response. Certain 
suggestions are offered toward increasing 
the safety of operations performed in the 
presence of technical difficulties imposed by 
the character of the presenting lesion. 

4759 Harlem Rd., Buffalo 26 (Dr. Caudell) 


DISCUSSION 


Dr. CLaup C. Burton, Dayton, Ohio: I should 
like to congratulate Dr. Caudell on his excellent 
presentation. Any obstructive cicatrizing lesion of 
the duodenum ordinarily is a warning that one 
should anticipate technical difficulties. In the three 
lethal cases reported in this series, two fell in 
this category. 

We do not hesitate to transect the duodenum, 
insert the finger, and free the duodenum, much 
like freeing a hernia sac. In this way, ordinarily 
one can prevent any injury to the pancreatic or 
biliary duct. However, it does not avoid trauma 
to the pancreas. 

| should like to mention one complication of 
gastrectomy which was not emphasized in_ the 
paper and which has given us much concern. It 
is acute lethal pancreatitis. 

In a consecutive series of 348 gastric resections 
which were done at the Veterans Hospital, Dayton, 
Ohio, 25% of our deaths were from acute pan- 
creatitis; 60% of these cases had gastrointestinal 
hemorrhage. At autopsy the pathologist was unable 
to demonstrate the source of the bleeding. 

Of course, this has been reported by other 
observers. Therefore, from this study it would 
seem that there are valid indications for revising 
our criteria for resectional surgery. 

I am in full accord with tlte concept of placing 
clinical 


greater emphasis on the fundamental 


principles which were so well elucidated in this 


paper 


PaLtumBo, Des Moines: | want 


Dr. Louis T. 
to compliment Dr. Caudell and his associates for 
an excellent analysis of some of the very important 
considerations in this type of surgery. I should 
like to relate our experiences with 231 partial 
gastrectomies performed for duodenal ulcer and 
marginal ulcer. This survey was completed about 
a year and a half ago, and in many respects their 
results and ours parallel one another. 

[Slide] Indications in this group of cases were 
51% intractability and 38% pyloric obstruction. 
Emergency surgery was performed during active 
hemorrhage in 11%; however, in many of these 
cases there was a combination of any of these 
three factors 

You will note that a high percentage of the 
patients had had previous surgery. In 24%, as 
shown on the Slide, previous surgery was done 
for perforated duodenal ulcer, and a_ smaller 
number had either a previous gastroenterostomy 
or a partial gastrectomy. 

\ high percentage of these patients presented 
themselves with a history of hemorrhage. Forty 
per cent of the sixty per cent had either moderate 
or massive hemorrhage upon admission to the 
hospital. In this group 99% of the duodenal ulcers 
or the marginal ulcers were removed, and in only 
two instances was the ulcer left in situ. I think 
that that is an important consideration when one 
speaks about mortality \s we all know, re- 
moving and ulcer deep in the head of the pancreas 
will certainly increase the morbidity and = mor 
tality rate. 

In this group 00% of the duodenal stumps 
were opened primarily for dissection purposes; 
and in our recent 100 cases in the last two years 
we have opened about 90% to aid dissection and 
to be sure that we were beyond the fibrotic area 
of involvement, and also to be sure that we had 
removed the ulcer 

|Slide] In the nine deaths that occurred in this 
series, we considered that possibly seven might 
be due to technical considerations. [| am = certain 
that some of these might be decreased by surgeons 
who are well trained and proficient in this type 
of surgery 

[Slide] Our over-all mortality in the 231 cases 
was 34%, and in the elective surgery it was 
2.7%. (In the emergency cases performed because 
of hemorrhage, the mortality was 7.7%. About 
50% of these cases were done by our house 
oflicers 

Our preference at the present time is to perform 
our partial gastrectomy with an anterior gastro 
jeyunostomy in this group of patients 

In the select) group of patients who show 
autonomic nervous instability and a high response 
to the Hollander insulin test, we combine this 


type of resection with a bilateral vagus resection. 
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Dr. STaNLeY Horerr, Cleveland: [| should like 
to add my compliments to Dr. Caudell and his 
A. study 


reminds us that gastric resection is an inherently 


associates for this study. such as this 
dangerous procedure, and that the duodenal stump 
is treacherous. 
In cases of acate hemorrhage we are probably 
should like to re- 
Caudell 


need not be 


committed to resection, but I 


emphasize the points that Dr. brought 


out, namely, that the ulcei resected 


but should be excluded. The ulcer base does not 


contain mucous membrane, and to dig the base 


catastrophe. 
difficult 


resection, it is always wise to open the duodenum 


out of the pancreas is to invite 


Furthermore, if one is committed to a 


prior to closing the stump, and to close the stump 
with direct visualization. 


Dr. Caudell has indicated an even more im 


portant policy which undoubtedly is going to save 


many lives, a decision to perform a lesser pro 


cedure than a resection in a difficult case. It takes 


onusiderable experience to decide whether a duo 


denal ulcer is essentially unresectable or not; and 


if one 1s working in a center where gastric resec 


tion is. the only “correct” procedure to do for 


duodenal ulcer, tt takes considerable courage as 


well to decide not to perform a gastric resection 
but to perform instead a vagotomy and gastro 
‘nterostomy 


I think that we should drop this inelastic attitude 
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and should encourage our residents-——and our young 


surgeons and our old surgeons, too—to perform 
this much safer procedure of vagotomy and gastro- 
enterostomy either in the poor-risk patient, or 
after we have sized up the situation, as Dr. Caudell 
has indicated, when the technical difficulty is going 
to bring the operative risk out of line. 

There is enough experience now with vagotomy 
and gastroenterostomy so that we know that we 
80% 
response, and we can tell our 


that there might be 1 chence in 20 that they might 


can assure our patients of about an good 


clinical patients 


have to come back for a secondary gastric re 


section. 
Da. C 
like to 


MarsHatt Lee Jr., Cincinnati: T should 


thank the various discussants. There is 
very little that I can add to the concepts which 
Dr. Caudell has 


can best be 


expressed. [ think that they 


summarized by a quotation from 


Napoleon Bonaparte who, in his military maxims, 


had one maxim = which “Leave nothing to 


Says, 


chance. Always have a_ plan.” 


evidently he took a second look at this for the 


next maxim “Leave something to chance 


Says, 
\lways have two plans.’ 


In the surgery of peptic ulcer, with its host 


of variables in regard to condition and needs o 


the patient, as well as to the skill, experience, and 


judement the surgeon, alternative 


) even two 


plans of action may not be enough 
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Hypothermia in Dogs 


JAMES A. HELMSWORTH, M.D. 
and 
WILLIAM R. COLE, M.D., Cincinnati 


With the Technical Assistance of Marilyn McG. Helms- 
worth and Asad Masri 


Reduction of body temperature causes 
physiologic alterations which may enable 
the surgeon to improve existing techniques 
for operative procedures. Both Swan and 
Lewis have demonstrated that surgery 
under direct vision in the opened heart is 
possible for certain congenital defects if 
the patients are first made hypothermic. 
Other applications of this method can only 
be speculated upon for the present, how- 
ever, because of limited information on the 
fundamentals of the body’s response to the 
condition of reduced temperature. Not only 
are there gaps in the core of information 
on this subject, but there are reports of 
experimental studies which lead to conflict 
ing conclusions. Therefore, a broader ap 
plication of this method must wait for the 
completion of more experimental studies. 
At the present time hypothermia as an ad 
junctive surgical measure is of established 
value ina very limited sphere. 

Most studies of animals have been made 
with methods which reduce body tempera 
ture by covering the skin with ice or ice 
water. Both have been used in this labora 
tory, and hematologic measurements com 
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pleted as part of these experiments disclosed 
changes in the cellular elements of the 
blood.! 


changes in the leucocyte and platelet counts 


There is the possibility that the 


and the mean corpuscular hemoglobin con- 
centration are part of the animals’ response 
to reduced body temperature per se. Also, 
there is the possibility that these changes in 
blood cellular elements are part of the ani 
mals’ reaction to a prolonged ice-water bath. 
It follows, therefore, that the hypothermic 
state induced by this means may not be a 
simple one for investigations in reduced 
body temperature ; it may be complicated by 
the animals’ reaction to a barrage of stimuli 
from the somatic afferent nerves excited by 
the process of icing. 

A group of experiments was completed in 
which the animals’ body temperature was 
lowered by cooling the blood in an extra 
corporeal circuit. In these experiments we 
attempted to eliminate all effects related to 
washing, shaving, or applying ice to large 
areas of skin. This report will summarize 
the results obtained by this method of cool 
ing and compare them with similar measure 
ments in animals cooled by immersion in 


ice water. 


Method 


\ more complete description of the methods 
used in this laboratory has been given in earlier 
publications.* The dogs were an unselected group 
of average size and were not specially prepared 
for the experiment Thiopental (Pentothal) 
sodium was the principal anesthetic agent, with 
small supplementary doses of meperidine hydro 
chloride (Demerol). A mechanical ventilator was 
used, and determinations of the pH of arterial 
samples indicated that some degree of acidosis 


complicated many of the experiments. (This 


* References 1 and 2 















unphysiologic state developed with the same fre 
quency in all three groups of animals.) The trachea 
all the 


pressure measured through a cannula in the left 


was intubated for experiments, arterial 


carotid, and the venous pressure observed in a 
manometer attached to the left jugular. A mercury 
thermometer was inserted into the descending 


colon. 

The apparatus for extracorporeal cooling of the 
blood 
a 36-in. length of Tygon tubing with 1% in. 
1/16 in. 
cannula 


consisted of two large steel cannulae and 
inner 
The tubing 


filled 


of isotonic saline plus 5 meg. 


diameter and wall thickness. 


on each end with 


100 ce. 


One cannula was passed into the left 


with a was ap- 
proximately 
of heparin. 
other inserted into 


The 


a pumping apparatus 


femoral artery, and the was 


the right femoral vein. pressure gradient 


from artery to vein made 


unnecessary. A sigma-motor pump was used, 


through the 
the 


however, to control the rate of flow 


The 
temperature 


tubing. rate was increased as animal’s 


fell the 


beginning of extracorporeal circulation it was 150 


during the experiment; at 


Taste 1.—Data 
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cc. per minute, and as the temperature reduction 
approached maximum the rate was increased to 
Heat was lost 
from 12 to 24 


in. of the Tygon tubing in a pan of acetone and 


approximately 400 cc. per minute. 
from the blood by immersion of 


solidified carbon dioxide. The temperature oj 
this mixture varied between —65 C and —75 C 
When the shunt was opened at the start, and 


before the tubing was cooled, the mean arterial 
pressure did not fall more than 15 mm. Hg. At 
no time during the experiments was there a_ rise 


in the venous pressure. 


Results 
A control group of five dogs was an- 
esthetized and subjected to the minor sur- 
gery necessary for cannulation of — the 


trachea and vessels and then a 90-minute 


period of partial extracorporeal circulation 
“without cooling.” The average hematologic 


values at the start of the experiments and 


on Changes in Five Control Animals Subjected to Anesthesta and 


Partial Extracorporeal Circulation Without Cooling 


Avg. 


Hematocrit 
Platelet count 
Leucocyte count 
Total eosinophile count 286 
Mean corpuscular Heb. concentration 82.6% 
TABLE 2 


Hematocrit 

Platelet count 
Leucocyte count 

Total eosinophile count 308 


Mean corpuscular Heb. concentration $2.9% 


16.8 vol. % 
550,000 per cu. mim 


13,960 per cu. mm. 


16.4 vol 
524,700 per cu 


12.670 per cu 





Avg. Change 


| 
Pre-Exp, Values | 
| After 135 Min. 


15.8% increase 
9.6% decrease 
25.1% decrease 
13.2% decrease 


5.2% decrease 


Data on Changes in Eleven Animals Subjected to Cooling by Immersion 


Ave. Value at Ave. Change at 
Normal Temp 23C 
% 27.2% increase 

mm 80.7% decrease 

mm 88.5% decrease 


85% decrease 


6.1% decrease 


Data on Changes in Nine Animals Subjected to Cooling by 


I:xtracorporeal Circulation 


Avg. Value at 


Avg. Change at 
os C 


Normal Temp. 28 


TABLE 3 
Hematocrit 16.6 vol. % 
Platelet count 
Leucocyte count 
Total eosinophile count | 284 
Mean corpuscular Heb. concentration $2.2% 


482 


547,000 per cu. mim 


12,910 per cu, mm 


20.4% increase 
24.8% decrease 
51.2% decrease 
33.1% decrease 


4.7% decrease 


mn 


to 


24 
id 


HYPOTHERMIC INDUCTION IN DOGS 


the average percentage changes after 90 
minutes of artery-to-vein circulation through 
the Tygon tubing are given in Table 1. 

A second group of 11 dogs was anesthe- 
tized and subjected to the same cannulations. 
Cooling to an average of 23 C was accom- 
plished by immersion in ice water for a 
period averaging 60 minutes. The starting 
hematologic values and the average percent- 
age changes are listed in Table 2. 

Group 3 included nine dogs cooled by 
circulation of a small fraction of the cardiac 
output through cold Tygon tubing. The 
hematologic values for this group along with 
the percentage changes associated with this 
method of cooling are recorded in Table J. 

Comparison of changes in hematocrit in 
the three experimental groups shows that 
the trend was toward hemoconcentration in 
all the animals. This was greatest in those 
cooled by immersion, the average increase 
being 27.2%. Factors affecting this change 
were active even in the control group, how 
ever, Where the hematocrit was increased 
by an average of 15.8¢. 

The process of cooling through extra 
corporeal heat exchange caused a reduction 
in platelet count considerably greater than 
that observed in the control animals. It is 
possible that many platelets adhere to the 
wall of the plastic tubing and that part of 
the thrombocytopenic effect was caused by 
the apparatus. The group cooled by immer- 
sion, however, had a striking fall in plate 
lets: The change was more than three times 
greater than that observed with extracor 
poreal cooling. 

Animals in the control series with extra- 
corporeal circulation, but without change in 
body temperature, had an average reduction 
in leucocytes of 25.1%. Comparison of this 
change with values obtained in earlier con- 
trol series suggests that this leucopenic ef- 
fect is attributable entirely to the plastic 
surfaces of the extracorporeal circuit.” Sur- 
face icing caused an 88.5% reduction in 
leucocyte count, while the fall was 51.2 in 
animals subjected to blood stream cooling. 


Changes of a similar order were found 


in the total count of eosinophiles. This in 
dex of the animal’s response showed a 
marked difference between reactions to 
blood cooling and reactions to surface cool- 
ing. In addition to this, it was noted that 
use of the shunt without changing body 
temperature caused a fall in eosinophiles 
not found in an earlier study of controls 
without this type of arteriovenous fistula. 

There is a significant difference between 
the mean corpuscular hemoglobin concen- 
tration values obtained in animals subjected 
to immersion and those cooled by circula 
tion of blood through the shunt of plastic 
tubing. This change in corpuscular hemo 
globin concentration may reflect the move- 
ment of fluid into the erythrocytes. 

One of the fundamental questions in this 
held of investigation is, “Can a state of 
uncomplicated hypothermia be produced in 
the experimental animal?” The ideal ex 
periment would permit study of a cold ani 
mal that is free of responses to ancillary 
conditions. The use of an ice-water bath 
is the simplest way to reduce the body tem 
perature, but we suspect that in the condi 
tions of these experiments in dogs this 
method may excite complicated responses. 
Cold may act as a potent stressor when ap 
plied to the skin; therefore, it is possible 
that a fair portion of the dog’s reaction to 
surface icing is a response to a stress rather 
than a pattern of reaction to subnormal body 
temperatures per se, 

That hypothermia induced in dogs by 
surface cooling with ice water is associated 
with changes in the blood cellular elements 
was demonstrated in two independent lab- 
oratories.¥ The data in this report were 
obtained from animals with temperature 
lowered by blood stream cooling and from 
others cooled by the usual immersion pro- 
cedure. The results indicate that dogs’ re- 
actions to cooling by the former method 
differ from the reactions seen in animals 
cooled via the skin. This suggests, there- 
fore, that changes attributed to reduced 
body temperature must be evaluated with 


+ References 1 and 3. 











regard to the organ systems through which 
the heat loss is mediated, 
Summary 


blow rd 


prove to be reliable criteria, the response of 


If changes in cellular elements 


dogs to cooling by immersion in ice water 


is different from their response to blood 
stream cooling. 

Data from three groups of animals in 
dicate that with icing the skin there is 


greater increase in hematocrit, greater fall 
in platelet count, leucocyte count, and total 
eosinophile count, and a greater fall in mean 
corpuscular hemoglobin concentration than 
is associated with cooling through an extra 
corporeal shunt. 

The 


changes is uncertain, but the investigation 


significance of the hematologic 
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emphasizes that effects that may be attrib 
uted to subnormal body temperature may 
be related more to the method of cooling 
than to the hypothermic state per se. 

The 


and the United States Stoneware Company, Akron, 


Ellis and Watts Corporation, Cincinnati, 
Ohio, gave technical advice and material assistance 
in this investigation 
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Defects 


xperimental R aur of oe eptal 


Use of Hypothermia with Coronary and Carotid Artery Perfusion 


A. RIBERI, M.D. 
and 


H. KAJIKURI, M.D., Indianapolis 


In the last few vears, open cardiac sur 
gery has been employed with increasing 
frequency for the direct repair of intra 
cardiac defects. Its main use has been in 
cases of atrial septal defect and pulmonic 
stenosis. Recently, however, the repair ot 
ventricular septal defects has been carried 
out experimentally and clinically. Two tech 
niques have been employed for this purpose, 
the pump oxygenator and hypothermia. We 
have recently studied several methods which 
have rendered possible safe open cardiac 
surgery in the experimental animal with 
very low incidence of ventricular fibrillation 
and a high survival rate.* In a series of 
dogs protected by sinoauricular node block 
ade with procaine, we have been able to 
produce and repair ventricular septal de 
fects with survival of all of the animals.® 
We have recently demonstrated that the safe 
period vena caval occlusion can be ap 
preciably extended by coronary and carotid 
artery perfusion with oxygenated blood.‘ 
The present study concerns the repair of 
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atrial and ventricular septal defects with 


use of these adjuvants. 


Material and Methods 


Twenty-eight healthy mongrel dogs weighing 
between 6.5 and 13 kg. were used. Anesthesia was 
induced by the intravenous administration of from 
2 to 4 cc. of a 10% solution of thiopental sodium 
Tracheal intubation was carried out, and the dogs 
were hyperventilated with 100% oxygen by means 
of an intermittent insufflation apparatus produc 
ing between 35 and 45 respirations per minute 
Cooling to 30 C was achieved by immersion of 
the animals in a bath of water and crushed ice 
When shivering occurred, it was controlled by the 
temporary administration of a mixture of ether 
and oxygen. By the time the chest was entered, 
the temperature had generally fallen an additional 
3 C to 4 C. The blood to be used for the per 
fusion was withdrawn just before the operation 
by bleeding hyperoxygenated normal dogs from 
the femoral artery. The blood was collected in 
vacuum bottles containing either 20 mg. of heparin 
or a solution of sodium citrate, citric acid, and 
dextrose. The blood was stored in a refrigerator 
kept at 4+ C for 20 or 30 minutes 

In all of the animals, procaine blockade of the 
right atrial-superior vena caval junction was car 
ried out until slowing of the heart rate and 
changes in the P wave of the electrocardiographic 
tracing occurred. Blockade wes more difficult 
to carry out in those animals in which the septal 
defect had been created in a previous operation 
because of the thick adhesions surrounding the 
heart and particularly the right atrium and _ the 
area of the sulcus terminalis. Following blockade, 
the venae cavae were occluded with angulated 
Potts ductus clamps. In all of the animals, the 
perfusion was delayed for two minutes after 
occluding the venae cavae, and respiration was 
continued during this period. The descending aorta 
and the right subclavian artery were then oe 
cluded and the dog put in Trendelenburg’s posi 
tion. The perfusion was started, and the right 
atrium or the right ventricle was widely opened. 
The cardiotomy was repaired from 26 to 31 minutes 
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The blood 


to 30 ce. 


later with a continuous suture of silk. 
was perfused at the rate of from 25 


per minute by gravity flow, or, if needed, by 
manometrically controlled pressure in the infusion 
flask. All blood lost during the procedure Was 
collected by carefully. 


aspiration and measured 


Before the cardiotomy was repaired, —sutticient 
blood was allowed to escape following temporary 
release of the superior vena cava in order to 
equalize the amount of blood introduced by per- 
fusion and that After 
repair of the chest wound, the animals were re- 


immersion 


removed by aspiration. 
warmed to a temperature of 36 C by 
in a bath of water kept at approximately 45 °C. 
Aspiration of the chest was carried out for the 
last time, and the animals were left for the fol 
lowing 24 hours in a warm room. 

When citrated blood used and the 
was in standstill, cardiac massage was instituted 


was heart 
after caval release, followed one minute later by 
the intracardiac injection of 4 to 5 ce. of a 20% 
solution of When heparinized 
blood 
normally 
no calcium had to be given, although brief cardiac 


calcium gluconate. 


was heart usually contracted 


for the duration of the experiment and 


given, the 


massage was sometimes necessary. In these dogs, 


protamine was given intravenously (1.5 mg. for 


each milligram of heparin) at the end of the 


Blood 


postoperative 


operation. transfusions were used in the 


immediate period when thought 


necessary. If fibrillation occurred in either group 


of animals, the heart) was massaged. Unless 


fibrillation disappeared, three electric shocks of 170 
volts and 0.1) second duration were applied. 
In most cases, before use of electric shock, 1 ce 


of 1:10,000 epinephrine was administered into the 


right heart to increase the myocardial tone and 
promote a coarser fibrillation. 

In all animals, a bilateral anterior thoracotomy 
in the fourth interspace with sternal transection 
was usel The perfusion catheter was introduced 


into the ascending aorta via the left) subclavian 


artery, which was ligated distal to the site of 


entry of the catheter. The right subclavian artery 
was occluded at its point of origin with a rubber 
shol serrefine clamp, and the descending aorta 
with a Potts ductus clamp. 

Ventricular septal defects had been created in 
some of the animals between 20 days and 8 months 
before repair. They were made with a septotome 
according to a technique previously described by 
King and associates.” At the time of repair, they 


were all patent. In the others, the defect was 


created and closed at the same operation. ‘To do 
so, the exposed ventricular septum was grasped 
with a toothed forceps and a defect 6 or & mm. 
The 


spreading the blades 


in diameter was created with a fine scissors. 
defect was then dilated by 
of a Kelly clamp. 
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Atrial septal defects had been produced in a 
number of animals from 12 to 120 days prior to 
the repair." In the others, the defect was made 
and repaired at the same operation. Large defects 
were created. 


Observations 


When heparinized blood was used for the 
perfusion, the heart maintained a regular 
rhythm during the entire time of perfusion, 
and, although the rate tended to decrease, 
the contractions remained strong and_ the 
heart pink. Only in one case did fibrillation 
develop before caval release. In this par 
ticular dog, the blood had clotted in’ the 
ask after 16 
minutes of caval occlusion when the dog 


and fibrillation occurred 
had received only 70 ce. of blood. In addi- 
tion, through error, the descending aorta 
had not been occluded in this animal. 

In those dogs in which citrated blood was 
perfused, the heart slowed progressively, 
until standstill occurred in from three to 
eight minutes. librillation did not occur be 
fore release of the caval clamps. 


Repair of Ventricular Septal Defects. 


Fie.. 1. 
repair (insert @) of ventricular septal defect. 


Drawing illustrating the exposure and 
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REPAIR OF CARDIAC SEPTAL DEFECTS—HYPOTHERMIA 


Taste 1.—Repair of Ventricular Septal Defects Using Citrated Blood* 


No. Wt. Temperature | Time Caval Blood 
of of Dog, of Dog, in Occlusion, Perfused, 
Dog in Kg. Degrees C in Min. in Ce. 
223 13 25.5 28 620 
237 12.5 26.5 30 650 
261 12 25.5 34.5 700 
333 12 25 29.5 600 
302 ll 26 29.5 900 
338 | rb 26.5 30 750 
342 10.5 25.8 33 400 
$25 12.5 26 32 600 
$5 9.5 25 32 780 
357 9.5 7 30.5 S00 


Ventricular Duration Final Result 


Fibrillation 0 
Defect 
Yes, arrested s No brain damage 
by simple mo. Killed 73 days later 
massage 
Yes 80 No brain damage 
days Killed 61 days later 
No t No brain damage 
Killed 34 days later 
No 35 No brain damage 
days Killed 60 days later 
Yes 21 No brain damage 
days Killed 40 days later 
No t No brain damage 
Killed 40 days later 
Yes, coro- t No brain damage 
nary Killed 60 days later 
embolism 
No 20 Cardiac arrest during closure 
days of chest; brain damage; 
clonic spasms; dead following 
day 
No t No brain damage 
Killed 50 days later 
Yes, arrested t No brain damage 
by simple Killed 48 days later 
Massage 


‘Perfusion rate from 1.2 to 2.8 ce. per kilogram of body weight per minut 


*Made and closed during the time of perfusion 


There were 16 dogs in this series. In 10, 
citrated blood was utilized for the perfusion 
(Table 1). The temperature of the animals 
ranged between 25 C and 27 C, and the caval 
occlusion time between 28 and 34.5 minutes. 
The blood was perfused at the rate of from 
1.2 to 2.8 ce. per kilogram of body weight 
per minute. A right ventriculotomy from 4 
to 6 em. long was made, and the defect was 
closed with from three to six interrupted silk 
sutures of 0000 intestinal silk (lig. 1). In 
three animals, ventricular fibrillation devel 
oped after release of the venous inflow 
occlusion. In one, massive coronary embo 
lism had been inadvertently produced by 
introduction of air through the perfusion 
catheter, the flask having been emptied of 
blood. Air was removed by cutting of sev 
eral small coronary branches, fibrillation 
was strengthened by intracardiac epineph 


rine, and massage and electric defibrilla 


tion were successfully accomplished. In the 
other two dogs repeated blockade, calcium, 
and massage restored normal rhythm with 
out electric defibrillation. In one of these two 
dogs procaine blockade had been inadvert 
ently omitted before caval release. In all 
the animals in this group massage was first 
carried out after resumption of the circula 
tion and was followed one minute later by 
the intracardiac injection of calcium. 

One animal died the day after surgery 
after exhibiting clonic spasms and Cheyne 
Stokes respirations. In this dog, unnoticed 
cardiac arrest had occurred sometime during 
repair of the chest wound. When the pupils 
were found fully dilated by the anesthetist, 
the chest was reopened and cardiac massage 
and intravenous infusion of a weak solution 
of epinephrine + restored excellent cardiac 


+1 ce. in 500 ce. of 5% glucose 











































contraction with immediate recovery but 


with evident brain damage. Such infusion 
of epinephrine was carried out afterward 
in almost all dogs perfused with citrated 
blood. 


ered 


The nine remaining animals recov- 


without any evidence of neurologic 
sequelae and were killed in from 34 to 73 
days. In all, the defect 


closed, and both the cardiotomy incision 


was completely 


and the sutures in the ventricular septum 


TABLE 2.- 
No. Wt. Temperature | Time Caval Blood 
of of Dog, of Dog, in Occlusion, Perfused, 
Deg | in Kg. Degrees C in Min. in Ce. 
360 9.8 26.5 30.5 850 
365 9.5 20.5 30 650 
362 il 25.8 35 980 
363 11 26 32 930 
395 11.5 26.5 30.5 900 
375 10.5 26 31 900 


A. M. A. ARCHIVES OF SURGERY 
were covered by smooth endothelium. In 
these dogs, the pupils never dilated more 
than half during the time of cardiac exclu- 
sion, and complete constriction was ob- 
served in all before repair of the chest 
wound was completed. 

In six dogs ventricular defects were re- 
paired during perfusion of heparinized blood 
(Table 2). 


the rate of from 2.) to 3.1 cc. per kilogram 


The blood was administered at 


Repair of Ventricular Septal Defects Using Heparinized Blood* 


Ventricular 
Fibrillation 


Duration Final Result 


0 | 
| Defect | 
| 
No t No brain damage 
| Killed 25 days later 
} - 
No t No brain damage 
| | | Killed 26 days later 
No 12 | Died from massive hemo- 
days thorax 
No 20 No brain damage 
days | Killed 30 days later 
| 
| Yes t | No brain damage 
Air embolism Killed 25 days later 
No t No brain damage 


| Killed 27 days later 


*Perfusion rate from 2.1 to 3.1 ee. per kilogram of body weight per minute. 


tMade and closed during the time of perfusion. 





Fig. 2. 


Photograph showing healing of repaired 
ventricular septal defect. 
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of body weight per minute, and caval occlu 
sion lasted from 30.5 to 35 minutes. The 
body temperature was kept between 20.5 C 
and 26.5 C. In two instances coronary air 
embolism was observed after resumption of 
circulation. In one of these dogs ventric 
ular fibrillation developed, and it was treated 
successfully in the usual fashion. In the 
other animal prompt section of four small 
coronary branches permitted the heart to be 
emptied of the air with resumption of a 
normal rhythm. In Dog 362, as the last of 
four sutures was tied to complete the closure 
of the defect, a 4 to 1 block developed. This 
stitch was rapidly severed and replaced, but 
the block persisted. Intravenous infusion 
of a weak solution of epinephrine was be- 
gun, and the heart was massaged, with 
prompt restitution of normal sinus rhythm. 
The dog recovered uneventfully but died the 
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REPAIR OF CARDIAC SEPTAL DEFECTS—H¥YPOTHERMIA 


following day from massive hemothorax, the _ terial silk (Tig. 3). In six animals citrated 
usual administration of protamine having blood was used for the perfusion (Table 
been omitted through error. The other five 3). These dogs were operated upon at body 
animals survived indefinitely, and no sign of | temperatures ranging between 25 C and 26 
cerebral impairment was noted. They were C, and the time of caval occlusion ranged 
killed in from 25 to 30 days following sur from 29 to 34.5 minutes. The perfusion 
gery. In all, closure of the defect was rate was from 2.3 and 3.2 cc. per kilogram 
complete, and no thrombi were present in of body weight per minute. In none did 
the heart (lig. 2). In all of these animals ventricular fibrillation develop during the 
the pupils had remained pinpoint in size cardiac bypass. Three of these animals, 


during the cardiac exclusion. however, developed ventricular fibrillation 


a adits 


Fig. 3—Drawing illus- 





trating the exposure and 





X 





repair (insert a) of atrial 
septal defect. 











Animals with Repair of Atrial Septal De- after resumption of the circulation and fol 
fect.—There were 12 dogs in this series. lowing massage and intracardiac injection 
The right atrium was widely opened, carry- of calcium. In one of these three dogs pro 
ing the incision over the upper part of the caine blockade had been omitted before caval 
inferior vena cava. The defects were re-release. In this and in another animal 
paired with a continuous suture of 0000 ar- normal rhythm was restored by massage 


TaBLE 3.—Repair of Atrial Septal Defects Using Citrated Blood* 


No. | Wt. Temperature|Time Caval Blood | Ventricular Duration Final Result 
of | of Dog, of Dog, in Occlusion, Perfused, | Fibrillation of 
Dog | in Kg. Degrees C in Min. in Ce. Defect 

| | 

| | | 
213° | ll 26 34.5 850 | No | 60 No brain damage 

} days Killed 35 days later 
216 8 25.6 31 } 750 Yes 120 No brain damage 

| | days Killed 50 days later 

347 8.5 26 | 29.5 700 Yes t No brain damage 


| Killed 30 days later 


349 9.2 26 | 30.5 725 No 15 No brain damage 

} | | days Killed 34 days later 
| | | : ier pre 
370 | 9 | 25 31 850 Yes t No brain damage 


Killed 35 days later 


371 | 8.5 26 | 32 | 820 No t No brain damage 
Killed 40 days later 





*Perfusion rate between 2.3 and 3.2 ec. per kilogram of body weight per minute. 
tMade and closed during the time of perfusion. 


































and procaine blockade. In the third, electric 
defibrillation 


All these dogs survived the procedure with- 


was successfully employed. 
out exhibiting signs of cerebral impairment. 
They were killed in from 30 to 50 days. 


Fig. 4. 
septal defect. 


Photograph showing closure of atrial 


TABLE 4.—Repair of Atrial Septal 
No. Wt. Temperature/Time Caval Blood 
of | of Dog, of Dog, in Occlusion, Perfused, 
Dog in Kg. Degrees C in Min. in Ce. 
222 9 26 29.5 | 480 
382 7.5 25.5 32 | 750 
386 7 26 31.5 300 
366 8.5 25.5 | 28.5 500 
394 6.5 26 31.5 750 
215 | 10 25.5 $2.5 860 
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In the remaining six animals heparinized 
blood was used for the perfusion (Table 4), 
Their body temperatures ranged from 25.5 
C to 26 C, and caval occlusion time, from 
28.5 


to 32.5 minutes. 
0.9 


body weight per minute. In two, coronary 


The perfusion rate 
was from to 3.9 cc. per kilogram of 
air embolism was observed when circulation 
In one, fibrillation occurred 
In the 


other, three small coronary branches were 


was restored, 


before the air could be eliminated. 


rapidly incised and the air removed, librilla- 
All these 


survived in 


tion did not occur in this animal. 


animals were rewarmed and 
definitely without any sign of brain damage. 
They were killed in from 12 to 40 days. In 
all, the defeet was completely closed, and no 
thrombi were present in the heart (Tig. 4). 

Very few reports have appeared in_ the 
literature concerning the experimental re 
pair of cardiac septal defects under hypo 
thermia and open surgery. Taufie and 
Lewis, who first used hypothermia for the 
experimental repair of ventricular septal 
defects, did not extend caval occlusion be 
yond 10 
same caval occlusion time in the repair of 
1 


minutes.'’ “They employed the 


atrial septal defects.'’ [dwards and asso 
clates have recently shown that a ventriculo- 
tomy with production and closure of a de 


feet can be accomplished safely with a low 


Defects Using Heparinized Blood* 


Ventricular Duration Final Result 


Fibrillation oO 
Defect 

No | 105 | No brain damage 
days Killed 40 days later 

No t | No brain damage 
Killed 95 days later 

Yes t | No brain damage 
| Killed 15 days later 

No 55 No brain damage 
days Killed 40 days later 

No t | No brain damage 
Killed 12 days later 

No 90 No brain damage 
days Killed 26 days later 


*Perfusion rate between 0.9 to 3.9 cc. per kilogram of body weight per minute. 


tMade and closed during the time of perfusion. 
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REPAIR OF CARDIAC SEPTAL DEFECTS 


incidence of ventricular fibrillation during a 
10-minute period of caval occlusion when 
arteries are perfused with 
Other 


also shown the beneficial effects of perfus 


the coronary 
oxygenated blood." authors have 
ing the heart, or the heart and the brain, 
during the time of venous inflow occlusion 
and open cardiac surgery. We have dem 
onstrated independently that — coronary 
perfusion alone with oxygenated blood per 
mitted a safe caval occlusion of from 25 to 
30 minutes in moderately hypothermic dogs 
without evidence of persistent brain damage. 
When the 


were both perfused, caval occlusion could 


coronary and carotid arteries 
be maintained up to 40 minutes without 
neurologic sequelae.‘ 

In these experiments the cause of death 
ina number of animals was due to hemor 
rhagic atelectasis and hemothorax. Gaertner 
and associates had the impression that chest 
bleeding alone was not the cause of death 
in their animals, but rather pulmonary con 
gestion.!! We have now apparently been 
able to prevent this complication by delaying 
the perfusion for two minutes after the be 
ginning of venous inflow occlusion and by 
continuing respiration during this interval. 
In this fashion the lungs and the heart are 
largely emptied of blood before the per 
fusion is started, and hemorrhagic atelecta 
sis has not been observed in this series of 28 
experiments. 

In the studies reported, both atrial and 
ventricular septal defects were repaired, or 
made and repaired, with almost uniform 
success. Important factors in these studies 
appear to be anesthetic blockade of the su- 
perior vena caval-atrial junction, perfusion 
of the coronary and carotid arteries with 
oxygenated blood, and = prompt vigorous 
treatment of ventricular fibrillation and cor 
onary air embolism when these complica 
tions developed. 

In experiments performed without the 
aid of coronary or coronary and carotid 
artery perfusion by others and by us, the 
time of safe caval occlusion has been rela 


t References 13 and. 14. 


HYPOTHERMIA 


tively short, probably too short for the re- 
pair of the more complex defects in the 
human heart. According to Lillehei and 
his group,’” most of the ventricular septal 
defects in patients can, however, be repaired 
in less than 30 minutes, and usually in less 
than 20. 


caroud artery 


Hypothermia and coronary and 
perfusion with oxygenated 
blood, as we have employed it, would allow 
sufficient time for carrying out repair in 
most of the human cases. At present, it is 
not known whether the success obtained in 
experimental animals can be reduplicated 
in patients. Though atrial septal defects 
have been repaired during brief periods of 
caval obstruction, perhaps prolongation of 
the time of safe inflow occlusion by using 
the perfusion technique might be advanta 
some of the 


geous in more complicated 


clinical cases. 
Summary 


Coronary and carotid perfusion with oxy 
genated blood extends the safe period of 
venous inflow occlusion in hypothermic dogs 
and permits the repair, or the creation and 
repair, of cardiac septal defects with low 
mortality, 
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The differences of opinion as_ to 
whether open or closed techniques in repair 
of congenital or acquired cardiac defects 
should be done is based primarily on. the 
fact that the mortality rate has been higher 
in the open heart technique. It would seem 
that the development of simpler methods of 
artificial oxygenation will soon make the 
correction of cardiac defects possible with 
a very low mortality. Hypothermia as a 
means of allowing limited open heart tech 
nique has appealed to many because of its 
simplicity and availability. 

In our own experience with hypothermia 
we have followed the lead of various ex 
cellent investigations into this problem. The 
early work of Fay,' Talbot? McQuiston,* 
along with the experimental work of Bige 
low and associates,* helped to point the way. 
There are many fundamental investigations 
that have been done in hypothermia as re 
viewed by Virtue.S Cookson and associates * 
repeated the work of Bigelow in dogs, and 


10 


Bailey and co-workers !° outlined their clin 
ical experiences emphasizing the danger of 
air embolism and ventricular fibrillation. 
The repair of atrial septal defect has been 
accomplished successfully in a_ series of 


cases by Lewis and associates.¢ Swan and 
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Read at the Thirteenth Annual Meeting of the 
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| Hypothermia in QO en hous Surgery 


associates have done extensive work, both 
experimentally and clinically, in the use of 
hypothermia for open heart surgery.£ They 
have used the technique in various con- 
genital defects, with best results in isolated 
pulmonary stenosis and atrial septal de- 
fects.§ Scott?® has also reported his ob 
servations with the use of hypothermia in 
cardiac surgery. Many others have also been 
investigating this approach. 

The outstanding disadvantage of hypo 
thermia is that ventricular fibrillation ac 
companies excessive lowering of — the 
temperature, and there is danger of cor 
onary air embolism where defects connect 
the right and left heart. Limitations of the 
time allowed for intracardiac surgery is also 
one of the inherent disadvantages of hypo 
thermia. Although it seems certain that 
hypothermia as a method of allowing open 
heart surgery will be replaced by extra- 
corporeal oxygenation of blood, at present 
there would still seem to be certain indica 
tions for this method. We have employed 
hypothermia in a large number of cases of 
great vessel surgery, but this report will 
deal only with a small series of open heart 
surgery under hypothermia. Of new interest 
in the material presented is the use of 
hypothermia to facilitate an open technique 


of alleviating aortic stenosis. 


Technique of Hypothermia 

The method of inducing hypothermia has been 
reported before and consists of the slow cooling 
by means of the “Thermorite” blanket and re 
frigeration unit.|| This has the disadvantage of 
taking much longer to reduce the temperature 
while the patient is under anesthesia but has a 
very obvious advantage of being extremely easy 
to handle and requiring less manipulation of the 
patient. A moderate sedative is given the night 
before surgery, and preoperatively on the morning 

t References 13, 14, and 15. 

§$ References 16 and 17. 

|| Made by Thermorite Products, Inc., Buffalo. 
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of surgery 50 mg. of meperidine (Demerol) and 
atropine sulfate 0.4 mg. are given. Just prior to 


administration of the anesthetic, promethazine 
(Phenergan) or chlorpromazine (Thorazine) alone 
or in combination is given. Promethazine is given 
in doses as large as 25 to 50 mg. An intravenous 
solution of cold 5% dextrose in water is started 
with a 15 gauge needle, and quick induction of 
anesthesia is accomplished by the use of thiopental 
(Pentothal) and curare. The patient is intubated 
and then placed upon the blanket, and a second 
intravenous infusion is started. A second blanket 
is placed on top of the patient. The temperature 
of the circulating fluid is set at 4C to 6C. The 
anesthetic agent from here on is ether, but in 
extremely small quantities, and oxygen. The pa- 
tient is observed as to tenseness of the muscles, 
and shivering is combated by administration of 
more promethazine or ether. The temperature of 
the body is recorded by means of thermometers 
in the nasal passages and in the rectum. The time 
required for reduction of the temperature to levels 
of approximately 90.5 F is one and a half to two 
hours. From here on, the temperature may fall 
quite rapidly, and by the third hour it has ap- 
proached the level at which open heart surgery 
is possible, namely, 80.6 to 86 F. Surgery is started 
as the temperature passes 89.6 F. Reversal of the 
refrigeration blanket is done when the temperature 
is 86 F. 


room by means of hot water bottles. 


Warming is continued slowly in the re- 


covery 


Clinical Experience 


Twelve cases have been operated upon 
during total occlusion of venous inflow into 
the heart under hypothermia, The range of 
temperature measured 
779 to 86.0 I. 
varied from three to nine and one-half min 


body rectally has 


been Occlusion time has 


uies. Isolated) valvular pulmonic. stenosis 
and valvular stenosis with atrial septal de 
fect, infundibular pulmonic stenosis, aortic 
stenosis, and atrial septal defect with aber 


TABLE 1.—Type of Cases 


Type of Defect No. of 
Cases 
| 
| 
| 
| 
| 
| 


| Tetralogy of Fallot | 4 
| Isolated pulmonary stenosi: 2 
| Pulmonary stenosis and atrial septal defect l 
Infundibular stenosis and interventricular 
septal defect 1 
Atrial septal defect and aberrant pulmonary 
vein | 
Aortic stenosis 3 
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rant pulmonary veins have been treated in 
this series as recorded in Table 1. 

The ad- 
vantage of direct visualization of the pul- 
blind 


incision of the valve is probably more clearly 


Valvular Pulmonic Stenosis. 


monary valve over transventricular 
felt in adult cases than in infants and chil- 
dren. It is our impression that the valve 
structure in the two patients appearing in 
this series, both of whom are adults, was 
tougher than that of children. Accurate in- 
cision with scissors under vision is likely 
to be more thorough than passage of a 
double-edged cutting blade of any type. The 
larger size of the structures concerned pro- 
vides for ease of handling, particularly of 
the pulmonary artery. 

The procedure in these cases was done 
through a median sternal incision, which in 
each instance provided a convenient ex 
posure of the intrapericardial pulmonary 
artery. The superior and inferior venae 
cavae are isolated and prepared for tem- 
porary occlusion, and the pulmonary artery, 
in each instance dilated, is freed to a lim- 
ited extent from adjacent structures and 
from the aorta. The artery is encircled with 
tape as far distally as is possible in prepara 
tion for clamp application. Before occlu- 
sion of the vessels is done, a suitable area 
on the anterior surface of the pulmonary 
artery near the valve is selected for longi- 
tudinal incision. [ine silk stay sutures are 
then placed, one on each side of the antici 
pated incision near its center. The venae 
cavae are then totally occluded and the heart 
allowed to beat two or three times before 
the pulmonary artery is cross clamped at the 
distal point previously prepared. The in- 
cision in the pulmonary artery is then made, 
extending longitudinally from a point near 
the valve ring for a distance of 2 cm. and 
passing between the silk stay sutures. Trac 
tion of the sutures opens up the incision, 
and the cone-shaped pulmonary valve is 
visualized. It is grasped with forceps and 
may be brought well up into the arterio- 
tomy. Two or three incisions are made 
radially to the valve ring, after first ampu- 
tating a short portion of the tip of the 
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HYPOTHERMIA IN OPEN HEART SURGERY 


cone (Fig. 1). In one instance the fused 
cusps were observed to be quite well formed, 
and the suspensory structures of the cusps 
were present. In this instance it was be- 
lieved that the incisions were made ac 
curately in the conimissures. Air is flushed 
out of the ventricle and artery with saline 
after digital exploration of the outflow tract 
of the right ventricle for an unsuspected 
deformity. The two sutures are lifted, and 
a curved artery clamp is placed on the in 
cision in the artery in order that circulation 
may be restored and the repair done without 
hurry. The increase in pressure in the pul 
monary artery does not have to be measured 
to be appreciated. In neither case has the 
thrill disappeared. In one it was more pro 
nounced but of very much lower frequency. 
The comparative and postoperative pres 
sure gradients in one of these cases are 
shown in Figure 2 (Table 2). 

This 


lesion, rarely seen except with other asso 


Infundibular Pulmonic Stenosis. 
ciated defects comprising a more or less 
complete “tetralogy of Fallot,” presents a 
debatable indication for any open operative 
procedure which falls. sltort of complete 


correction of all defects. The success ot 


for increasing pul 


vascular anastomoses 








Fig. 1.—A, tip of cone- 


shaped valve is removed; 
B, radial incisions made 


in valve 


monary flow and the safety of the closed 
resection speak against increased risk in 
myocardotomy except for the purpose of 
restoring normal relationships. We were 
stimulated to try to effect a more thorough 
removal of the infundibular obstruction by 
failure to do a good job with the closed 
procedure, Of the five patients with in 
fundibular stenosis in this series, two were 
examples of reoperation after failure by a 
closed operation. The pressure data and 
peripheral oxygen saturation preoperatively 
and after each procedure in one of these are 
presented in Table 3. 

The approach to these patients was 
through a median longitudinal incision, and 
venae cavae preparation was the same as 
that described for valvular stenosis. The 
diagnosis of infundibular stenosis was con- 
firmed by the demonstration of an infundi 
bular chamber in cach instance except one, 
in which the infundibulum was so high as 
to make the chamber insignificant. In all 
cases, including the one with a small cham 
ber, the pulmonary artery was smaller than 
normal rather than dilated. The character 
of the obstruction was explored with a 4 
mm. probe introduced through a small open 


ing in the right ventricle below the infundi 
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6 MONTHS AFTER VALVULOTOMY 


Fig. Pressure curves recorded by catheterization 
tricular pressure with subsequent drop after valvulotomy. 


2. showing preoperative high right ven 


Pulmonic Stenosis—Case 1 


Valvulotomy ) 


Valvular 
(Open 


TABLE 2, 


Right Ventricular Pulmonary Artery Oxygen Saturation, 


Pressure ’ressure Peripheral 
Preoperative 140/46 12/6 92% 
Postoperative 30/2-8 25/12 96.6% 
Tas_e 3.—Tetralogy of Fallot—Case 4 


(Infundibular Stenosis) 


SURGERY 





Right Ventricular Pulmonary Artery Oxygen Saturation, 
Pressure *ressure Peripheral 
Blind resection 
Preoperative 100/5 10/0 90.6% 
Postoperative 90/0 15/5 82.7% 
Open resection 
Postoperative 90/0-12 30/10 92% 
bulum. This opening was made between two tomy wound. An_ excellent idea of the 
rows of silk sutures placed to outline and anatomy of the obstruction and_ the asso- 


control the planned longitudinal ventriculo- 
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ciated ventricular septal defect was obtained 


H 








the 





in each instance with the probe. The cavae 
were then totally occluded, and the pul- 
monary artery was clamped to provide for 
cardiac occlusion. Concomitant obstruction 
of the aorta was carried out in two of the 
patients with the thought that a dry heart 
would not otherwise be obtained. In one of 
these coronary air embolism occurred, and 
aorta clamping has been avoided in’ sub 
sequent cases. The possible mechanism of 
air embolism with the aorta clamped beyond 
orifices is a major concern in 


With the 


position on the aorta any air entering the 


the coronary 
this procedure. clamp in_ this 


right ventricle through the ventriculotomy 
wound will traverse the septal defect and, 
either the 


if momentary obstruction § of 


septal defect or the right ventriculotomy 
wound is permitted, will be forced into the 
coronary orifices. The fact that flow of 
blood through the heart is interrupted does 
not affect this mechanism. The heart con 
tinues to function and during systole builds 
up pressure within the chambers if they are 
defect is ob 


intact or if the wound or 


structed. The single case in which the aorta 


was clamped along with the pulmonary 


artery developed air embolism. It seems 
possible that betier technique would be to 
clamp only the pulmonary artery and de 
pend on the aortic valve under some pres 
sure from the elastic aorta to remain closed 
and keep the heart dry. Another suggestion 
made that the 


has been aortic clamp be 


placed low enough to occlude the orifices of 


TABLE 4. 
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Tetralogy of Fallot 


arteries. In our dissections 


1 . - © eur 
tne coronary 


this seems to be difficult and unreliable. 

It was mentioned that one of the reasons 
for undertaking open resection in the in- 
fundibular stenosis was some unsatisfactory 
results from closed procedures. The direct 
vision resection provides a means for com 
plete relief of the obstruction, which is de 
sirable in isolated infundibular stenosis but 
may be overdone in cases of tetralogy of 
‘allot. 


has resulted in a marked increase in pul 


One such instance of reoperation 
monary artery flow, so that the effective left- 
to-right shunt is estimated on catheteriza 
tion data to be about 15 liters per minute. 


\t present and for a time in the future 


this patient is clinically much improved 


How 


right ventricular size has in 


The cyanosis is entirely eradicated. 
ever, the 
creased markedly and is anticipated to lead 
to failure. Some consideration is actually 
being given to the possibility of surgically 
obstructing the pulmonary artery in some 
The 
patient have been abstracted for Table 4. 
Aortic Stenosis We been par 


ticularly interested in the possible applica 


degree. catheterization data in this 


have 


tion of the technique in providing a means 
for direct visualization of the stenotic aortic 
valve. The median sternotomy incision pro 
vides an excellent approach to the vessel 
and has been used in three cases. In the 
first case, the circulation was totally oc 
cluded during manipulation of the valve, but 
tube was first 


a diverticulum of Dacron 


(Infundibular Stenosis) 


Vol. % Oxygen 
S.V.C,. P.A 


Blind resection 


Preoperative 13.8 16.5 


= 
| 
| 
| 
| = 
Postoperative 15.27 17,02 


(Systemic flow, 4.6 L./min.) 
(Pulmonary flow, 5.06 L./min.) 


Open resection 
Postoperative 12.5 18.16 

(Systemic flow, 2.39) 

(Pulmonary flow, 15.93 


Case 5 
| | 
Right | Pulmonary Oxygen 
Ventricular | Artery Saturation, 
] Pressure | Pressure Peripheral 
| 
97/7 12 (Mean) 94.2% 
90/7 19 (Mean) 93.8% 
ss = ! 
| 
88/11 17 (Mean) 98% 













applied to the aortic arteriotomy edges be- 
Direct 
this case was 


cause of distrust of the technique. 
the 
not obtained, but great ease of manipula- 


observation of valve in 


tion was experienced. Therefore, on two 
additional patients, after occlusion of the 
venae cavae and the aorta as far from the 
valve ring as possible, the aorta has been 
incised longitudinally and the edges of the 
wound retracted. The valve is immediately 
seen and its small orifice easily passed by 
any chosen instrument. Instead of using 
massive valve dilators we have used a 6 in. 
curved hemostat, which is small enough to 


be inserted into the smallest openings likely 






Kig. 3—Valve — being 
separated by curved 6 in. 


hemostat 


to be encountered and does not, because of 
size, obstruct the view (lig. 3). In one 
instance the valve opened along two of the 
commissures to provide a large opening. In 
the second case directly visualized, the open- 
ing was not in an orderly fashion because 
of more extensive calcific changes. In the 
third case, not directly visualized, the open- 
ing was satisfactory but did not seem to be 
along the commissures. A definite impres- 
sion is felt that the best available opening 
of the valve permitted by the character of 
the disease was obtained under vision. The 
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question arises as to how much trauma is 
done to the area when larger instruments 
are passed before they can be opened to 
split the valve. Cutting with scissors as 
applied to the pulmonary valve did not seem 
practical because of the thickness of the 
diseased aortic valve. 

A very serious consideration was given 
to the possibility of air embolism. This did 
not occur in the three cases presented. In 
one the area was protected from admission 
of much air by the Dacron cuff used, while 
in the remaining two air freely entered the 
basal aorta. It was, of under 


course, not 


pressure, and before pressure was reapplied, 






mtd 


™ iy 


it Was washed out with saline. Great care 
must be taken to fill the vessel with saline 
before the artery forceps is applied to the 
arteriotomy wound to approximate the edges 


g 
for closure. Also, it is important to. re- 
move the clamp from the upper aorta be 
fore the venae cavae are released ii order 
that any small amount of air may be moved 
on rather than injected under pressure into 
the coronaries. 

Septal Defect.—The 
tactile methods of closure of atrial septal 


Tnteratrial closed 


defect serve adequately for a majority of 


~ 








a is cases. Additional means as provided by and reduction in right ventricular pressure 
ents hypothermia and venous occlusion provide, have previously been referred to in Table 2. 
1 to ) according to some, an easier more accurate The results in these two cases were ex 
} as method. One instance of this method is in- — cellent. 
eem cluded in this series. This was in an 8-year- Tetralogy of Fallot—One of the four 
the old child having a large left-to-right shunt cases of tetralogy of Fallot had a valvular 
contributed by an aberrant right pul- stenosis, and a_valvulotomy was done 
ven monary vein, in addition to the interatrial through the pulmonary artery. This patient 
did septal defect. Right thoracotomy provided — had very little overriding and has improved 
In exposure of the right atrium, which was clinically. The second case of tetralogy of 
sion opened widely after inflow occlusion of the — Fallot in a patient 27 years of age had an 
hile cavae. No difficulty was experienced in infundibular resection by the blind tech 
the closure of secundum defect with simul- nique, and because of unsatisfactory results 
der taneous directing of the aberrant vein into reoperation was done under hypothermia 
ied. ? the left atrium. Since surgery the loud with open technique. The pressure readings 
systolic murmur has disappeared, and a are recorded in Table 3. This patient is 
decrease in heart size and pulmonary vas- markedly improved after the second opera 
cular marking has been observed. Postop- tion, although none of her other defects 
erative catheterization has not been were corrected. The third case of tetralogy 
repeated. of Fallot was also reoperated on after a 
} 
PABLE 5.—Summary of Operative Results 
7 
Trapping Temperature 
Case Age Diagnosis Operation Min Range, C Result 
lf Isolated pulmonic Valvulotomy ti 8 Excellent 
Stenosis 
2 29 Isolated pulmonic Valvulotomy 30 Excellent 
stenosis 
7 retralogy of Fallot, Valvulotomy s 2s Improved 
valvular stenosis 
{ 4 27 Tetralogy of Fallot Infundibular resection. 3 29 Improved 
reoperation 
25 Tetralogy of Fallot Infundibular resection 8 2s Unimproved 
reoperation 
t 24 Tetralogy of Fallot Infundibular resection g! 2: Ventricular 
fibrillation; died 
7 32 Infundibular stenosis, in- | Infundibular resection t 28.5 Air embolism 
terventricular septal de- died 
fect 
s 24 Infundibular stenosi:, Infundibular resection }! 2s Improved 
atrial septal defect 
\ ’ Atrial septal defect, Closure septal defeet, re- 7 28.0 Excellent 
/ inomalous pulmonary routing 
vein 
| 10 “0 Acrtic stenosis Valvulotomy 1 29.5 Unimproved 
i iti Aortic stenosis Valvulotomy ' 28.0) Improved 
12 41 Aortic stenosis Valvulotomy ; 29.5 Improved 
Are 
ine previous blind resection, and, as was noted 
Results : : 
the before, has had an increase of pulmonary 
FES The results of the 12 cases operated on blood flow and is unimproved (Table 4). 
re- | With open heart technique under hypother- The fourth patient died after infundibular 
hes mia are summarized in Table 5. The vena resection from excessive hypothermia fol 
ler caval trapping time and the temperature lowed by ventricular fibrillation. 
red range are also recorded. Infundibular Stenosis with Interventric 
nto Isolated Pulmonary Stenosis.—Two cases ular and Atrial Septal Defect—One case 
of isolated pulmonary stenosis have had a with infundibular stenosis and interventric 
ed =|) valvulotomy through the pulmonary artery ular septal defect had an infundibular re 
tal with open technique with gratifying results. — section, and during operation air embolism 
of The increase in pulmonary artery pressure occurred followed by ventricular fibrillation 





HYPOTHERMIA IN OPEN HEART SURGERY 





499 










and death. One patient with infundibular 


stenosis and atrial septal defect had an in- 


fundibular resection and has shown im- 
provement, 
Atrial Septal Defect with Anomalous 


Pulmonary Venous Return.—This patient 
had an atrial septal defect of the secundum 
type which was closed with the open tech- 
nique, and the anomalous left pulmoriary 
vein was rerouted into the left atrium along 
with the closure of the defect. The result 
in this patient was excellent. This patient 
is cured clinically, with disappearance of the 
murmur. 

Aortic Stenosis —On exploration of the 
use of the open technique in aortic stenosis, 
three patients had aortic valvulotomy 
the 
Dacron pouch with trapping, and the 
with the 
valvulotomy. 


from 


above. One was with addition of a 


other 
two aorta open at the time of 
No air embolism occurred in 
these two latter patients, and two of these 
patients have shown improvement and one 


is unimproved. 


Comment 


Only a broad impression may be ob 


tained from aé series of this small. size. 


However, it is of some help as a guide for 
of The 


been in 


future use this method. greatest 


satisfaction obtained has isolated 
valvular pulmonic stenosis, where the con 
dition is in a sense cured and the pressure 
values obtained with catheterization show a 
near return to normal values. The anatom- 
ical results in atrial septal defects of the 
secundum type are anatomically good. The 
results in this method in opening up a 
valve 


stenosed aortic are encouraging and 


are probably as good as can be obtained in 
the severely deformed valve of aortic steno 
sis. A disadvantage in aortic stenosis would 
seem to be the possibility of air embolism, 
although this did not occur in the few cases 
that 


explored both experimentally and_ clinically 


were done. This procedure is being 
and is not at this time recommended as a 
procedure of choice for aortic stenosis. In 
atrial septal defects, the fact that closed 
methods of Bailey,'® Byjork,?° Gross,”! and 
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others ** can successfully be applied should 
be emphasized. This applies even with 
associated aberrant pulmonary veins. The 
the open 
technique in infundibular stenosis is the fact 


distinct disadvantage of using 
that infundibular stenosis is usually asso 


ciated with other defects. Occasionally, 
however, it is an isolated lesion.** The fact 
that the other defects are not corrected at 
the time infundibular resection is done is a 
real objection to this method. The danger 
of air embolism would seem to be marked 
in the presence of interventricular septal 
defects. This occurred in one of the four 
cases of infundibular resection, resulting in 
death. As was pointed out in Table 4, too 
the 


: . 
stenosis may be detrimental.”4 


complete a resection of infundibular 


Summary 


The results of using open heart tech 
nique under hypothermia in nine cases of 
congenital heart disease and three cases of 
acquired valvular heart disease are pre- 
sented. There were two deaths, one from air 
embolism and the second from ventricular 
fibrillation from excessive hypothermia. Ac- 
quired valvular heart disease, namely, aortic 
stenosis, has been approached by the open 
technique through the aorta, This is only 


in the exploratory stage. 
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DISCUSSION 
On Papers BY Drs. HELMSwortH AND COoLt 


RIBERT AND KAJIKURI; 
Grove, SADOVE, AND CoELHO 


I should like to con 


AND JULIAN, Dyer, 

Dr. Henry Swan, Denver: 
fine myself to two comments 
Dr. 


Important 


Dr. Helmsworth and Cole’s work I con- 


sider as being doubly For example, a 


disturbance in the clotting mechanism has been 


the major cause of death in our experience in 105 
t uy I 


open heart operations. Thus, I think that an in 


tense study of this phase of hypothermia is ex 


tremely desirable 


Second, they have made a clear-cut demonstra- 


tion, I believe, that the technique of inducing hypo 


thermia alters the eventual physiologic state whicl 
is achieved. There is a_ difference apparently in 


what happens to the formed elements of — the 


blood, depending on whether you use external or 


internal cooling methods 
hypothermia should not 


Thus, techniques for 


eventually be chosen on the grounds of conven 
ience or esthesics, but on sound physiologic under- 
standing of what is achieved 

Dye, Dr 
Julian, and their group on their early success witl 


Vision im all 


I also should like to congratulate Dt 


open heart surgery surgery iS eX 
tremely important 

[Slide] This is the only operation for pulmonary 
valvular stenosis which has consistently effective 
\t a recent meeting the discussion brought 


known 52 


results. 


out that there are now operations by 


six different surgeons which have been performed 
in this fashion, without a single mortality. I think 
that even Sir Russell Brock will soon have to ad 
mit that it is a relatively safe as well as a com 
pletely effective procedure. 

[Slide] 


reason that air does not enter the coronary arteries, 


When applied to the aortic valve, the 


I believe, is because the coronary veins do not have 


valves. Muscle action of the myocardium, there- 
fore, does not propel blood along the major 
coronary arterial system and thus allow air to 
enter the coronary ostia during the open portion 
of the procedure. 

As vou see, we have felt that multiple clamp- 


this approach ; 


particular 


ings are desirable in 
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but the purpose of all these is to allow the left 


ventricle and then the aorta .to fill, from below 
upward, with blood which you release into the 
left side of the heart from the lung, thus taking 
great care not to trap any air in the aorta during 
the escape maneuver. 

This technique, as Dr. Dye said, does give very 
adequate (although not perfect) exposure of the 
aortic valve in man for operative manipulation, 
but the valve pathology still offers serious 
problems. 

Dr. JOHANN L. EHRENHAFT, Iowa City: We 
do not have the large experience as presented by 
by Dr. Swan just now, but we have gained exper- 
ience in 24 patients in whom we used hypothermia 
for exploration and correction of different intra- 
the 24 pa- 
tients, 19 had interauricular septal defects of one 


cardiac and extracardiac lesions. Of 
type or another. In spite of all the excellent diag- 
nostic procedures available at the present time, we 
still have difficulty at 
ostium primum 


times in differentiating 


from ostium secundum type de- 
fects of the interauricular septum. We also have 
noted the very high incidence of other associated 
intracardiac or extracardiac great vessel lesions. 
We have induced hypothermia using an ice bath 
and inducing cooling in a rather rapid manner. 
This method has worked very satisfactorily for us. 

Of the total number of 24 patients, 10 devel- 
oped ventricular fibrillation during the procedure. 


We 


electric shock in all instances and have not relied 


have converted ventricular fibrillation — by 


upon other methods as, for instance, neostigmine 
(Prostigmin), potassium, or procaine (Novacaine) 
for blockage of the sinoauricular node. 

We believe that all patients with interatrial sep- 
tal defects 


should but in’ patients 


with ostium primum type defects we have attempted 


be explored, 


closure in only a few. As you can see from Table 
I, only one patient out of three survived after 
closure of an ostium primum defect, whereas no 
patients died if the defect was not closed and the 
lesion only explored. 

In the group of patients with ostium secundum 
type defects (Table 11), two patients died after 
closure, death being due to cardiac failure post- 


operatively and pulmonary hypertension. 


TABLE I.—Ostinm Primun Type Defects 
No. of Died 
Patients 
Closed (one with aortic coarctation) % 2 
Not closed (one with anomalous cor- 
onary sinus and left superior vena 
cava) 3 0 
Common atrioventricular canal 1 1 
Total 7 3 
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TABLE I1.—Ostium Secundum Type Defects 





No.of | Died | } 
Patients | 
| 
Without other anomalies s 0 
With partial anomalous venous re- 
turn l 0 
With patent ductus arteriosus and | 
pulmonary hypertension | 1 
With severe pulmonary hyper- 
tension and cardiac failure | | | 
With pulmonary valvular stenosis | 0 
12 2 
TaBLe I11.—Other Lestons 
| | | 
| No.of | Died | 
Patients 
{ 
| 
Pulmonary valvular stenosis 2 0 
Aortic areh anomalies and aortic 
stenosis l 0 
Coaretation of aorta (corrected) and 
interventricular septal defect ] 0 ’ 
Repair of coarctation of aorta (no 
collateral circulation) ] 0 | 
, 0 
Total number of patients 24 
Ventricular fibrillation 10 


In addition, we treated five patients with varied 
types of lesions as shown in Table ITI. 

Dr. Witttam ©. McQuiston, Peoria, Ill: 1 
should like to sound a word of 
We 


thermia, moderate hypothermia, or 


caution on the 


use of hypothermia. have now used hypo- 
normothermia 
in well over 1000 cases since 1948, and we would 
suggest that radical hypothermia should be used 
with great caution and should be limited to open 
cardiac surgery. Low temperatures are neither 
indicated nor advisable for most cardiac operations. 

One should attempt to discover the highest tem- 
that the 


lowest which 


perature will Vital 
the 


tained, 


protect centers, not 


temperature at life can be sus- 

There seems to be a tendency today to admin- 
ister many anesthetic drugs to a point just short 
of a lethal dose in order to give the surgeon an 
optimal field. We reduce blood pressure just short 
of death. We give curare for relaxation just short 
of death. 

| like 


about a 


an occasional complaint from the surgeon 
tight belly. If the surgeon does not com- 
haven’t given too much an- 
helly is 
from a 


wonder if | 
The 


nothing as 


plain, | 
about a tight 


the 


esthetic. complaint 


compared to complaint 


cardiac arrest. 
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The finding of a giant left atrium is com- 
monly considered as evidence of predom- 
inant mitral regurgitation.* As such, this 
would contraindicate mitral stenosis surgery. 
left 
encountered 14 


However, in a. series of 153 heart 


catheterizations we have 
such patients. In five patients mitral ste- 
nosis was the dominant or sole lesion, and 
surgery was performed in these cases, with 
confirmation of the preoperative diagnosis. 

The frequent recording of severe vibra- 
tory pressure fluctuations in the left atrium 
con- 


left 


in these patients is of interest in a 


sideration of the nature of massive 


atrial enlargement. 
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TABLE 1. 


Mitral insufficiency (or incompetence) effect 
left atrium V-wave height minus C-wave 
min. He 


height, 


Mitral stenosis effect 
left atrium mean pressure minus left ventricle early 
diastolic pressure; minus mitral insufficieney etfect 
(LV early diastolic pressure immediately follows 
the initial diastolic dip 


ral the Surgery a Left eal 
C Mclaitnuillten in Giant Loft Aiba 


Criteria for Severity of Mitral Insuffictencey and Mitral 


Procedures 


All 14 patients with giant left atrium had a care- 
ful history, physical examination, roentgenographic 
size and 
chamber enlargement, electrocardiogram, urinalysis, 


and fluoroscopic evaluation of heart 
complete blood cell count, and appropriate blood 
chemistry tests. Transthoracic left heart catheteri- 
zation was done in the prone position, with in- 
termittent fluoroscopic observation for guidance of 
needle insertion into the left atrium from the right 
this technique it is 


paravertebral approach.” By 


possible to determine the degree of mitral stenosis 


and regurgitation which may be present. The 
criteria used for this determination are listed in 
Table 1. Mitral stenosis is proportional to the 


pressure difference between the left ventricle and 
atrium during diastole. Figure 1 illustrates a pres- 


sure recording in Patient 4, with severe mitral 


Mitral 


Figures 2 and 3, 
(tall 


stenosis. regurgitation is illustrated in 


with great increase of left atrial 
following the C-wave. 


pressure \-wave) 
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Fig. 1. (Patient 4).—Pressure recording during 


catheter withdrawal from left ventricle to left 
atrium, showing 29 mm. He mitral stenosis effect 


with no evidence of mitral regurgitation. 
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Fig. 2 (Patient 7).—Pressure recording from 
left atrial needle, showing 13 mm. Hg mitral 
regurgitation effect (V-C) with marked vibrations 
discussed in text. 





mag 

EY é 
Fig. 3 (Patient G. B.).—Pressure recording dur 
ing catheter withdrawal from left ventricle to 
left atrium as an example of extreme mitral re 
gurgitation in a patient without giant left atrium 


Results 
All 14 patients gave a history of progres 
sive severe disability. Functionally, 10 were 
classified in Group IIT and four were in 
IV.* All had 


giant left atria by x-ray (ligures 4 and 5). 


Group large hearts with 
Apical systolic and diastolic murmurs were 
present in cach case. A loud or split Ps was 
heard in all cases. Electrocardiogram in 
each case revealed atrial fibrillation without 
evidence of predominant left or right ven 
tricular hypertrophy, except in Patients 8 
to 11, in whom left ventricular hypertrophy 
was found. The results of pressure record 
ings at the time of left heart catheterization 
are given in Table 2. 

live patients had findings characteristic 
of predominant mitral stenosis, and they 
were therefore operated upon. The opera 
tive findings agreed with the left heart 


studies, as indicated in the Table (Patients 
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Posteroanterior and lateral 
X-rays of patient with giant left atrium, success- 
fully operated on for mitral stenosis. 


Fig. 4 (Patient 1). 


1 to 5). Four of the five patients survived 
surgery and have had a_ favorable post- 
operative course for six, five, seven, and 
five months, respectively. Patient 5 died 
postoperatively of intractable right heart 
failure, following simultaneous mitral and 
tricuspid commissurotomy, —Preoperatively 
she had been classed in functional Group 


IV. 


:R) GIANT LEFT ATRIUM 





Fig. 5 (Patient 2).—Posteroanterior and lateral x-rays of patient with giant left atrium, success- 
fully operated on for mitral stenosis. 


TABLE 2.—Results of Pressure Recordings During Left Heart Catheterization 


Functional Class Left Heart Catheterization Results, Mm. Hg Surgical Diagnosis 
L.A., L.V. Aorta M.S. MI. M.S M.1 
mean Effect Effect 
a Iii 27 3 | $ 2 
2 4 IV 25 128/6-9 130/64 19 (44 2(0 14 0 
3 | Il 26 : 4 (1+) 14 24 
H | Ill 32 85/2-6 83/57 29 (44 1(0 4 0 
) } is 
5” IV 19 106/3-8 109/75 11 (38+) 5 (1+ i+ 2+ 
| : 
6 | IV 31 21 (44 No surg. perfermed 
| 
| Ill 18 126/3-7 121/69 20 13(44 No surg. performed 
ral 
SS- 8 | III 25 110/10-14 . 00 20 (4+) No surg. performed 
g* | III 20 118/1-10 118/70 3 (0 17 (4+ No surg. performed 
ed 
t- 10 | Ill l4 116/10-11 125/78 00 & (34+ No surg. performed 
| 
id u* | ll 21 115/7-11 112/76 8 (2+ 6 (1+) | Nosurg. performed 
ed | 
: 12 | Il 23 159/3-5 12 (34 8 (3+ No surg. performed 
rt | ee 
id 3 | IV 36 7.5 (24 No surg. performed 
ly | F 
l4* III | 30 9 (34 No surg. performed 
1p i 


Patients demonstrating marked pressure vibrations discussed in text 
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Five patients (Patients 6 to 10) were 
shown by pressure recordings to have only 
mitral regurgitation, Surgery was not of- 
fered to these patients. 

One patient (Patient 11) had mild mitral 
stenosis and regurgitation but was primarily 
in difficulty owing to left heart failure, 
presumably due to myocardial disease. This 
case illustrates the value of the procedure 
in differentiating myocardial disease from 
severe valvular disease. 

Two patients (Patients 13 and 14) should 
be retested for left ventricular pressure re 
cordings to determine the degree of mitral 
stenosis. Their tests were done early in the 
series of left heart catheterizations, when 
left ventricular entry of the catheter could 
not be done routinely. 


Comment 
The cause of extreme left atrial dilata 
tion has not been established. Several 


theories have been advanced in explanation. 
Although inflammatory or degenerative dis 
ease of the atrial muscle has been postu 
lated as an etiological factor, no convincing 


The 


mean left atrial pressure bears no correla 


evidence has been found.! level of 


tion to the development of a = giant left 
atrium; the pressures recorded in’ the pa 
tients in the present series are in the same 
range as in comparable patients without 
giant left atrium. 

Mitral regurgitation per se is not the 
causative factor, since there was no_ re 
gurgitation present in Patients 2 and 4. 
Three patients (Patients 1, 3, and 11) had 
only slight mitral regurgitation, and two 
had mild regurgitation (Patients 5 and 13). 
On the other hand, extreme mitral regurgi 
tation may be represented by a patient with 
a left atrial pressure almost equal to his 
left ventricular pressure, who did not have 
a giant left atrium (Figures 3 and 6). 
Neither is mitral stenosis a prerequisite for 
the development of a giant atrium, as evi 
denced by Patients 6 to 10, who have pure 
mitral regurgitation. 

An unexpected observation has been the 


frequent recording, in 6 of the 14 cases, of 
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Posteroanterior and 
lateral x-ray of patient with severe regurgitation 
without giant left atrium. 


(Patient G. B.). 


Fig. 6 


violently fluctuating pressure — vibrations 


(Figure 2). These have a frequency of 
about 37 eps and may reach an amplitude of 
12 mm. Hg. These vibrations occur after 
valve closure, during 
Artefacts 
eliminated as the cause of the vibrations by 


the time of mitral 


ventricular systole. have been 


recording from the left atrial needle, with 


and 
ition 


ions 

of 
- of 
fter 
ring 
een 
> by 
vith 





GIANT LEFT ATRIUM 


the needle lumen lying free within the left 
atrial chamber, at a distance of 1 cm. or 
more from both the anterior and posterior 
atrial walls, respectively. The frequency 
response of the system when recording 
through the needle is uniform to about 50 
cps, without resonant peaks. Catheter re 
cordings were not used in the study of these 
vibrations, since the vibrations would be 
damped out by recording through the 
catheter and motion artefacts in catheter 
tracings might invalidate the observations. 

These left atrial pressure vibrations might 
be transmitted from vibrating valve cusps, 
left atrial walls, or left ventricular walls. 
They could also result from the fortuitous 
positioning of the needle orifice within a 
regurgitant jet, but this seems unlikely, since 
they have been observed only twice in a 
series Of 139 patients having mitral valve 
disease without giant left atrium. Of these 
two patients, one has since died at home, 
with no autopsy, and the other is being ob 
served for increase in size of the left 
atrium. 

The generally favorable results of sur 
gery for mitral stenosis in this group of 
patients with giant left atrium do not differ 
from those obtained in comparable patients 
without extreme left atrial dilatation. All of 
the patients operated on were severely 
handicapped, with long histories of pro 
gressive disability. lunctionally, they were 
all in Group IV or far-advanced in Group 
Ill. Atrial fibrillation was present in all. 
None of these patients would have been 
offered surgery if standard clinical criteria 
had been accepted. There are no clinical 
criteria which are reliable in’ establishing 
the predominant lesion when the physical 
signs of both mitral stenosis and = insufh 
cleney are present. Therefore, left heart 
catheterization should be performed on all 
such patients, so that no cligible patient will 
be denied the benefits of surgery. 

Some modifications of the standard left 
heart catheterization progedure are helpful 
in passing the catheter through the mitral 
atria.” 


valve in patients with giant left 


These include repeated insertions and with- 
drawals of the catheter through the left 
atrial needle from various directions, care- 
ful observation of the pressure contour on 
an oscilloscope for the occurrence of valve 
impact artefacts, the use of two or more 
catheters of varying degrees of flexibility, 
and various changes of needle position in 
relation to the valve orifice. Prolonged, per- 
sistent manipulation is made possible by 


adequate sedation. 


Summary and Conclusions 

Mitral stenosis is frequently the predom- 
inant valve lesion in patients with giant left 
airium. 

Left heart catheterization is usually neces- 
sary to establish the correct diagnosis of 
the valve lesion, since the clinical diagnosis 
may otherwise be incorrect. 

Properly selected patients with giant left 
atrium benefit from surgical relief of a 
predominant mitral stenosis. The results of 
mitral commissurotomy in the presence of a 
giant atrium are comparable to those ob- 
tained in patients with the usual degree of 
left atrial enlargement. 

Severe left atrial vibratory pressure 
fluctuations have been recorded in cases of 
giant left atrium. 

The cause of extreme left atrial enlarge 
ment has not been established. 
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Introduction 
To February, 1955, one thousand opera- 
tions were performed for many types of 
congenital heart disease in children from 
ages 8 days to 16 years. There were 90 
deaths and 89 postmortem examinations. It 
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Cyanotic group 
Tetralogy of Fallot 
8 days to & vears 
3 years to 16 years 
Tricuspid atresia 


13 days to 3 years 
3 years to 16 years 


Isolated pulmonary stenosis 
23 days to 16 years 


Totals 


Exploratory 


Transposition of the great vessels 


Noncyanotiec group 
Patent ductus arterfosus 
28 days to 16 years 
Coarctation of the aorta 
Anomalies of the aortic arch 


Interatrial septal defect 


Miscellaneous group 


Grand totals 
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seemed to us that an inventory of the 
causes of death during and immediately 
following operation might be of consider- 
able value to us and of some interest to 
those concerned with the surgical treatment 
of congenital heart disease. 

Reference to Table 1 will at once reveal 


the well-known fact that certain abnor- 
malities are associated with extremely high 
mortality. Our primary interest in this 
study has been to learn which of the deaths 
were preventable. It is often a bit disil- 
lusioning to turn the spotlight of postmortem 
finality on operative deaths. Very fre- 
quently, however, after postmortem examin- 


ation, it was still impossible to say which 


Deaths in One Thousand Operations for Congenital Heart Disease 











Number Deaths Mortality, % 
japan . = Ee =— 
196 30 15.3 
220 8 3.6 
24 5 20.8 
8 0 0. 
ol 1 1.6 
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| i | wah 
36 | 15 | 42.0 
| | 
15 13 86.0 
| | - 
| 
| 
| 
| 
| $47 0 0 
V2 2 | 3.8 
25 6 24.0 
) | 1 20.0 
| 
11 9 81.0 
1,000 90 9.0 





pa 


the 
tely 
ler- 
to 
ent 


eal 
or- 
igh 
his 
ths 
sil- 
om 


n- 


ch 


CONGENITAL HEART DISEASE 


particular pathologic change was the cause of 
death. For example, a puny, 12 Ib. 6-month- 
old deeply cyanotic infant having had an 
aortic-pulmonary anastomosis for tetralogy 
of Fallot dies 48 hours after operation. 
Postmortem findings are as follows: pete- 
chial hemorrhage in the basal ganglia of the 
brain, mild bilateral bronchopneumonia, con- 
gestion of the lungs; the usual deformities 
in the heart; a patent anastomotic channel 
between the aorta and pulmonary artery. 
Try to pin the pathologist down to a simple 
cause of death and he refers the surgeon to 
a lengthy report of microscopic findings in 
each organ. It has been with considerable 
restraint that we avoided a column labelled 
“just died” and as conscientiously as possi- 


ble assigned one cause to each of the deaths. 


The Cyanotic Group 


Although there were 72 deaths in this 
interest are the 44 


which occurred in chil 


category, of 


deaths (Table 2) 


greatest 


TaB_e 2.-—Cause of Death in Cyanotic Group 
Remediable by Surgery 


Cases, 


No. 


Brain damage. _. 9 
Heart failure J 

Lung complications, preoperative and postoperative 
Blood loss and shock 
Occlusion of ductus arteriosus during anastomosis 


Postoperative infection 3 
Too large anastomosis 3 
Improper procedure 2 
Embolus 1 
Thrombosis of anastomosis. l 

‘Total. 44 


dren whose cyanosis was remediable by 
more or less accepted surgical procedures. 
To bring the causes of death into clearer 
focus and to distinguish the preventable 
from the nonpreventable, these cases will 
be discussed under separate headings. 

Brain Damage.—Cerebral hemorrhage, or 
thrombosis, was the obvious cause of death 
in seven patients and the likeliest cause in 
two. Three of these children had cerebral 
accidents prior to surgery. A considerable 
number of children had cerebral accidents 


prior to surgery but survived. The one 


postmortem examination not allowed was 
in one of the children who died of presumed 
hemorrhage into the pons. Six of the nine 
patients who died of brain damage were 
operated upon before hypothermia was in- 
troduced in 1948. Although we have only 
limited statistical evidence that hypothermia 
—temperatures of 85 to 95 F during opera- 
tion—lessens the dangers of brain damage 
during operation, we are convinced that 
moderate reductions in temperatures are 
decidedly beneficial. 
Heart Failure. 
heart failure following operation. One death 


Seven children died of 


of typical heart failure occurred 14 days 
after surgery in a one-year-old child with 
tricuspid atresia. Of particular interest are 
the six with tetralogy of Fallot who died 
24 to 72 hours after operation, all with 
rather similar clinical and pathologic find- 
ings. Preoperatively, there was no reason 
to suspect a fatal outcome. The operation 
went well, a functioning anastomosis was 
established, and the child was returned to 
Within a rel- 


atively few hours the child’s color became 


his bed in good condition. 


dusky, grunting respiration was noted, the 
pulse became weak, the liver became pal- 
pable, and death occurred. At postmortem 
examination the outstanding finding was 
bloody congestion of the lungs. In fact, the 
lungs were flooded and soggy as a marsh. 
In a few instances there were old throm- 
botic changes in the arterioles of the lungs. 
We have never been able to explain why 
this syndrome appears in one child and not 
in others following shunt operations, in all 
of which the anastomotic channels are the 
same size. 

Blood Loss and Shock. 
shock caused six deaths. 


Blood loss and 
Three of 


were preventable. The first was due to 


these 


ignorance. In 1947 we believed that mod- 


erate bleeding during surgery might be 
beneficial for the cyanotic child with a very 
high red blood cell count and that plasma 
This 


case corrected that false opinion: After com 


was the volume substitute of choice. 


pletion of an aortic-pulmonary anastomosis 


on a 6-year-old boy there was sudden and 
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The bloc ya 


pressure improved momentarily following 


marked fall in blood pressure. 


intravenous administration of plasma but 
again fell precipitously. Blood then 
given, but too late, and the child died of 
typical shock. Since then, it has been rou- 


Was 


tine to replace blood loss with blood re- 
gardless of the degree of cyanosis. Cyanotic 
children develop hemoconcentration — to 
satisfy the oxygen wants, and to dilute 
their blood with plasma is unphysiologic. 

The second death was due to inattention. 
A 12-year-old boy died of hemorrhage 15 
hours after operation. The parents wished 
the “best possible care” and insisted on 
three special nurses. The night nurse noted 
the rise of red fluid in the drainage bottle 
but did not appreciate its significance until 
the pulse became weak and thready. We 
were probably to blame for not giving the 
nurse detailed instructions about the im- 
portance of reporting a rise in the fluid 
level in the drainage bottle. A rapid, forced 


emergency transfusion at 5 a.m. was too 
late. 


intercostal artery was found. Now all post- 


At postmortem examination an open 


operative heart patients are kept on one 
floor in one of two four-bed wards, and they 
are cared for by specially trained nurses 
and student nurses until it is safe to move 
them to private rooms, if desired. Parents 
who are accustomed io private room ac- 
commodations accept this routine graciously 
when it is explained that observation by 
nurses experienced in cardiac nursing is 
more important than the frills of hospital 
care, 

The third death was due to poor judg 
ment. Massive hemorrhage occurred in the 
wound after operation. Pressure dressings 
were applied and changed without realiza 
tion of the amount of blood loss. When fin- 
ally the chest was reopened in an attempt to 
find the 
shock occurred. 

Death rupture of the left 
pulmonary artery distal to an  aortic-pul- 


source of bleeding, death from 


was due to 


monary anastomosis in one case. One pa- 


tient died 24 hours after operation from 
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hemorrhage during and following infundi- 
bulectomy. 

still a 
matter of dispute. A 2-year-old child with 


The cause of the sixth death is 
isolated pulmonary stenosis, severe cyanosis, 
and marked cardiac enlargement was given 
procaine, 


intravenous cyclopropane, — and 


oxygen. During instrumentation the heart 
became slow, then stopped. It was massaged 
a couple of times and promptly started beat- 
ing. Considerable loss of blood occurred. 
The heart stopped again and after injection 
of epinephrine (Adrenalin) resumed beat- 
ing. As the pericardium was being closed, 
into ventricular fibrillation 


the heart went 


and the child died. Cause of death: hemor- 


rhage? cardiac arrest? drugs’ It is the 
one case of possible cardiac arrest referred 
to later. It is listed under hemorrhage by 


majority. vote. We have not used intra- 
venous procaine since. 
Lung Complications.——Lung — complica- 


tions, such as pneumonia and purulent 
tracheobronchitis, were the causes of death 
in seven children. It is difficult to know 
whether these infections were secondary to 
or aggravated by intubation. Twice we ex- 
ercised poor judgment in choosing the time 
of operation. Two children, both infants, 
had recognized slight upper respiratory in- 
fection before operation. secause of their 
urgent need for surgical relief and because 
they came from long distances, we lowered 
our guard and consented to operation. Both 
had large doses of penicillin before opera- 
tion; both developed pneumonia and died. 
A fact learned later, that in one instance 
the child in the adjoining bed received the 
penicillin, probably had little to do with the 
outcome. 
Postoperative 


counted for three deaths: 


Infections, These — ac- 
One was due to 
septicemia secondary to septic thrombo- 
phlebitis in the saphenous vein at the site 
of the cutdown, and one was due to purulent 
source of infection unknown. 


death 


pericarditis 
The 


tragedy readily explainable. This child was 


third from infection was a 


operated upon in 1949 during a convention 
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of surgeons in Chicago. By actual count 
there were 29 visitors milling about in the 
operating room during a very difficult opera- 
tion requiring approximately three hours. 
Death from an overwhelming streptococcal 
pleuritis of the left lung occurred 49 hours 
after operation. 

Occlusion of a Patent Ductus Arteriosus. 

Such 


blood to the lungs in very cyanotic patients 


occlusion of the only source of 
with pulmonary atresia accounted for four 
of the deaths during the anastomosis and 
was the presumptive cause of death in the 
fifth. 


cases showed atresia of the pulmonary ar 


Postmortem examination in all five 


tery and a patent ductus arteriosus of 
insufficient size to provide adequate oxygen 
ation but large enough to sustain life. The 
ages of these patients were 8 days, 3 years, 
4 years, 6 months, and 6 months. Tour of 
these patients died on the operating table. 
In each instance the pulmonary artery was 
very small but large enough for an aortic 
pulmonary anastomosis. After the vessels 
were occluded, the pulse promptly slowed, 
and before the anastomosis could be com 
pleted death from anoxia occurred because 
the life line, the ductus, was occluded by 
the aortic clamp, and/or by the ligatures 
temporarily occluding the pulmonary artery. 
The fifth child died two days after opera 
tion without regaining consciousness. Her 
heart practically stopped during the anasto 
mosis, and at postmortem examination. it 
was found that the only source of blood 
to the lungs had been the ductus arteriosus. 
At present, when the pulmonary artery at 
operation is very small and a patent ductus 
is suspected of being functional, we use a 
curved toothed clamp placed tangentially 
on both the aorta and the pulmonary artery 
and thereby avoid disturbing the region of 
the ductus arteriosus. 

Too Large an Anastomosis.—Too large 
an anastomosis was made three times. In 
two instances a subclavian artery approxi 
mately 6 mm, in diameter’ was anastomosed 


to the pulmonary artery. Death from pul 


monary edema and congestion followed in 


these two cases in less than 24 hours. The 


third child had an aortic-pulmonary anasto- 
mosis 6 mm. in diameter. Death from heart 
failure and pulmonary congestion occurred 
on the 14th day after operation. Only at 
postmortem examination was the huge 
anastomotic channel found and presumed 
to be the cause of death. 

Recently, after a subclavian-pulmonary 
anastomosis, signs of too much blood to the 
lungs were recognized and six hours after 
operation the chest was reopened and the 
anastomosis was partially closed. The child 
recovered. 

These accounted for 


Various Catses. 


four deaths. In one instance thrombosis 
occluded a poorly made anastomosis of the 
subclavian artery to the distal end of a 
small left pulmonary artery. In another we 
attempted an infundibulectomy in a child 
who at postmortem examination was found 
to have a tubular type of infundibular steno- 
sis which had not been properly opened at 
operation. After an aortic-pulmonary anas 
tomosis on the right side a clot formed at 
the anastomotic site and an embolus broke 
off and occluded the aorta at its bifurcation. 
The child died following embolectomy. The 
fourth of this group, an infant with tri- 
cuspid atresia, died 15 days after operation 
from occlusion of an aortic-pulmonary an- 


astomosis by thrombosis. 


Explorations 

Although the chest was merely opened, 
the region of the hilus of the lung explored, 
and often the pericardium opened, never- 
theless 15 of 36 patients died after explora- 
tory operation. The majority were cyanotic, 
and 10 of these had atresia of the pulmo- 
nary artery or an artery so small that no 
Nine died of 


anoxia and one of purulent bronchitis. It 


anastomosis was possible. 


has always been our policy to explore chil- 


dren whose condition appears hopeless 


without surgical relief. Occasionally, in 
spite of a gloomy preoperative prognosis, a 
shunt operation can be accomplished with 
a satisfactory result. 


live children with transposition of the 
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great vessels died after simple exploration. 


Hypoxia and heart failure were the primary 


causes of death. 


Transposition of the Great Vessels 


To February, 1955, fifteen patients with 
transposition of the great vessels were op- 
erated upon and thirteen died. Since then, 
one of the remaining two has died. The 
majority died within a few days or weeks 
after operation, the causes of death being 
continued cyanosis and heart failure. We 
attempted most of the procedures suggested 
by other authors and a couple of our own. 
Discussion of these deaths, all nonprevent- 
able with the methods used, seems hardly 
worth while. 

Recently, one of us (T. G. B.) published 
in Surgery, Gynecology and Obstetrics, Feb- 
ruary, 1956, an improved method whereby 
all the blood from the inferior vena cava is 
shunted by means of a homologous graft 
into the left auricle and all the blood from 
the right lung is directed into the right 
auricle. Seven patients have been operated 
upon by this method, and five have been 
remarkably improved. Among the successes 
was one child 6 weeks old and another 3 
months old. 


The Noncyanotic Group 
Patent Ductus Artericsus 


It has been our good fortune in 347 
operations for patent ductus arteriosus to 
have no mortality. The ages of these pa 
tients varied from a few weeks to 16 years. 
Included in the group are 9 infants below 
1 year of age and 45 infants from 1 to 2 
A number of the infants in 
failure at the 


years of age. 
heart time of operation 
grasped their slim chance of survival and 
made excellent recoveries. A few patients 
in the older age group had severe degrees 
of pulmonary hypertension with bidirec- 
tional flow through the ductus. At operation 
if the pressure in the pulmonary artery fell 
even slightly when the ductus was occluded 
division and suture was done. In this age 


group we have encountered no child whose 


512 


A, M. A. ARCHIVES OF SURGERY 


when _ the 
ductus was occluded. In the early days of 
ductus surgery 21 were ligated. The bal- 
ance, 326, with 1 
During all ductus operations the 


pulmonary tension increased 


exception, have been 
divided. 
temperature is kept as near normal as pos- 
sible. F'rom many standpoints, operative 
closure of a patent ductus arteriosus is the 
most satisfactory operation in the entire 
field of surgery for congenital heart disease. 
Coarctation of the Aorta 

Two deaths occurred in this group, and 
each is of some significance. The first oc- 
curred in a 15-month-old child with all the 
findings of coarctation of the aorta—and 
marked enlargement of the heart. During 
operation while the anastomosis was being 
done the heart became increasingly slow 
and stopped. At postmortem examination 
extensive unsuspected  fibroelastosis was 
found as the cause of death. We have since 
learned that coarctation of the aorta dis- 
covered during infancy is rarely associated 
with cardiac enlargement. Tor example, a 
9-month-old perfectly well infant seen in 
1949, with typical adult type of coarctation 
of the aorta, had a systolic blood pressure in 
both arms of 220 mm. of mercury and no 
cardiac enlargement. This child was ob- 
served periodically for six years. The sys- 
tolic blood pressure varied from 180 to 220 


mm. of mercury. At age 6% years, when 
the coarctation was successfully resected, 
there still was minimal enlargement of the 
heart, although the opening in the strictured 
aorta would admit only the finest probe. 

The second death occurred in a boy, age 
13, whose coarctation was complicated by 
a huge patent ductus which supplied the 
major portion of the blood flow to the lower 
segment of the aorta. The ductus was di- 
vided, a rather long coarcted segment of 
aorta was resected, and the proximal end 
of a large subclavian artery was sutured to 
the distal end of the aorta. Presumably, the 
change in hemodynamics resulting from 
closure of the ductus caused right heart 
failure shortly after completion of the oper- 
ation. 
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Resection of the adult type of uncompli- 
cated coarctation in 50 patients of ages 
from 6 to 16 years was attended by no 


mortality. 


Anomalies of the Aortic Arch 


Six deaths occurred in this unusual group 
of twenty-five anomalies of the aortic arch. 
Two of these deaths were preventable. The 
first child was operated upon in 1947. At 
operation the entire aortic arch and _ its 
branches appeared normal. I‘our days after 
operation the child had an attack of dyspnea 
similar to those occurring before operation 
and died. At 


small persistent posterior arch was found 


postmortem examination a 
a condition not described in medical litera- 
ture to that time. Division of this small 
offending vessel would have been so simple. 

A second death occurred in a child who 
had a right aortic arch with a large anoma- 
lous vessel which coursed around the right 
side of the trachea, behind the esophagus, 
and attached itself as a ductus arteriosus 
to the pulmonary artery at the left of the 
trachea. The anomalous vessel was ligated 
and divided. The ligature slipped off’ the 
end of the vessel behind the esophagus. 
Hemorrhage was fierce and fatal. 

Two infants with severe stridor and 
dyspnea presented difficult anesthesia prob- 
lems. Pressure on the trachea by the 
anomalous vessel was so great that it was 
impossible to get an adequate airway beyond 
the constriction. Operation seemed impera- 
tive and was carried on, although much of 
the time the infant was cyanotic. In the 
first case operation was interrupted seven 
times to expand the lungs and, temporarily, 
to improve oxygenation. The child died on 
the operating table of anoxia. In the other 
case, similar in all details, death due to 
anoxia occurred two hours after operation. 

Two infants developed postoperative 
edema of the trachea due to forceful intu- 
Both 


coniplications of the 


bation and required tracheotomies. 
died weeks later of 


tracheotomies. Granulation tissue piled up 


at the point where the end of the tracheo 





tomy tube irritated the mucus membrane 
and caused sudden suffocation. The anes- 
thesiologist (W. O. McQ.) insists that re- 
sponsibility for four of these deaths is his 


because of technical errors and poor choice 
of endotracheal tubes. The surgeons have 
confessed their errors. All are agreed that 
anesthesia for infants with tight vascular 
rings is a real problem. 


Interatrial Septal Defect 


In this category only five defects had 
been closed up to February, 1955. All were 
repaired by suture without opening the right 
auricle except to insert a finger as a guide 
to the needle. The child who died had a 
rather large defect closed by the Sonder- 
gaard, or single suture, technique. Death 24 
hours after operation was due to sudden 
imbalance of circulation as manifested by 
increasing and eventually fatal pulmonary 
edema. The closed method of suture is still 
being used—wisely or unwisely, we do not 


know. 


Miscellaneous 


In the group of nine miscellaneous cases, 
there were five in which the preoperative 
diagnosis was wrong or an improper pro- 
cedure was done, or both. Aortic-pulmo- 
nary anastomoses were performed upon five 
children with a preoperative diagnosis of 
tricuspid atresia in one and tetralogy of 
Fallot in four. At postmortem examination 
the child who was diagnosed as having tri- 
cuspid atresia was found to have tricuspid 
stenosis and an interatrial septal defect. 
Death was due to atelectasis and bronchitis. 
The postmortem diagnoses in the other four 
were as follows: [bstein’s disease, transpo- 
sition of the great vessels with pulmonary 
stenosis, congenital mitral atresia and inter- 
atrial septal defect, and anomalous venous 
return of much of the blood by way of the 
portal vein. 

Four children with uncertain diagnoses 
died after exploration and at postmortem 
examination were found to have rhabdo- 


myoma, fibroelastosis, infantile coarctation 
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with associated intracardiac anomalies, and 
truncus arteriosus communis, respectively. 


Comment 


well aware that 
the abnormal physiological state of anes- 
thesia, although not listed as a cause of 


Anesthesia—We are 


death, is often a contributing factor. Trau- 
matic iniubation, laryngospasm, periods of 
hypoxia or hypercarbia, hypotension or hy 
pertension, and other infractions of basic 
rules may be relatively harmless in the good 
risk patient but tip the scale toward a fatal 
outcome in the poor-risk patient. This state- 
ment is supported by the fact that in 347 
operations for closure of a patent ductus 
no deaths occurred, whereas in a_ similar 
number of patients with pulmonary stenosis 
there were many deaths. Personnel and 
technique of anesthesia were the same in 
both groups. 

Asphyxia was the greatest problem and 
in the majority of instances was unavoid 


able. If, 


is collapsed, sufficient blood does not flow 


during operation while one lung 


to the other lung to provide adequate OX) 
genation, the anesthesiologist and surgeon 
are helpless. Slowly increasing bradycardia 
and a weak, almost imperceptible pulse are 
manifestations of cardiac fatigue. The heart 
is a demanding organ, requiring a constant 
supply of food, and so long as it gets an 
adequate supply it will continue its sole 
function of beating. 

Reexpansion of the lung during operation 
will often be followed by dramatic improve 
ment in cardiac action. Tlowever, after the 
vessels have been clamped preparatory to 
anastomosis there is no turning back. Dur 
ing this period of unavoidable oxygen 
deprivation patients die of hypoxia. 

The technique of anesthesia and anes- 
thetic agents used have remained the same 
throughout this entire series. Cyclopropane 
has been and still is our choice of agent and 
is administered by the to-and-fro absorption 
technique with controlled respiration. It has 

that controlled 
We have not 


been — said respiration is 


harmful. found it so. What 
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is more, controlled respiration immobilizes 
the chest and mediastinum and makes in- 
trathoracic surgery much easier. 

The belief that 
causes cardiac irregularities has not been 


popular cyclopropane 
substantiated clinically. Continuous electro- 
cardiographic studies on 50 consecutive pa- 
tients during cyclopropane anesthesia in 
1951 (unpublished data) 
clinical observations. 


confirmed our 


Lowering of body temperature has been 
routine during operation on cyanotic chil- 
1948. 


children and especially those with transposi- 


dren since Very deeply cyanotic 
tion of the great vessels are cooled to 85 
to 90 T°. The moderately cyanotic are cooled 
to 90 to 95 I, and the mildly cyanotic, good- 
risk patients are maintained at temperatures 
near or slightly below normal. 

Anesthesia and surgery are irrevocably 
united and with mutual trust and under- 
standing work hand in hand to achieve the 
best for the unconscious patient. The sur 
geon wants safe, smooth anesthesia which 
will allow him to work with undivided at- 
tention. He wants an anesthesiologist who 
knows from moment to moment the exact 
condition of the patient and is capable of 
solving intelligently any problems of respi 
ration and circulation that may arise. The 
anesthesiologist wants a surgeon to do 
what he sets out to do with neatness and 
dispatch. He would like the surgeon to be 
conscious of time, to respect living tissue, 
field. 


cooperation in temporarily stopping or ter 


and to maintain a_ bloodless Quick 
minating an operation will lessen the num 
ber of deaths laid at the anesthesiologist’s 
door. 

Arrest. 


Cardiac Although — this 


operative and 


paper 


deals with postoperative 
deaths, we are about to discuss a cause of 
death 


time questionably, in this group of 1000 


which occurred but once, and_ that 
operations for congenital heart disease, viz., 
cardiac arrest. The term, cardiac arrest, is 


employed broadly—too broadly—to cover 
many catastrophes in the operating room. 


We have long urged that cardiac arrest be 
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CONGENITAL HEART DISEASE 


used as a label only for those patients whose 
hearts, normal, or largely free from disease, 
suddenly and unexpectedly stop during op- 
eration. 

Seventeen of the ninety deaths in this 
group occurred on the operating table. The 
patients’ hearts stopped beating, but for 
The 


cyanotic; some had only an exploratory 


definite reasons. majority were 
operation; others had shunt operations but 
were so hypoxic during the procedure that 
their oxygen-starved hearts became slower 
and weaker and finally stopped. Two in- 
fants with unsuspected fibroelastosis died 
during operation. Their hearts just stopped 
beating because they were hopelessly dam- 
aged. Three children had brain hemorrhage 
during operation, and when impulses from 
the brain were shut off the heart action 
ceased, 

During open chest operations, when the 
heart is constantly in view, it is possible 
to see the impending failure of heart action. 
Often we knew that the heart was going to 
stop but were powerless because of the basic 
disease to do much about it. Stopping the 
operation and inflating the lungs tempor- 
arily improved oxygenation and heart ac- 
tion, but as soon as the lung was again 
collapsed the inevitable became obvious. 

Perhaps it is quibbling with terms, but 
when hypoxia becomes severe enough any 
heart will stop. Why call that cardiac ar- 
rest? If a diagnosis of cardiac arrest in 
the operating room were made only in case 
of sudden and unexpected cessation of ac- 
tion of a normal or near-normal heart, the 
spotlight of study could be focused upon an 
entity. So long as any death in the operat- 
ing room is conveniently labelled cardiac 
the 
detection. 


arrest, real villain is apt to escape 


The normal or not too damaged heart 
stops during operation because it receives 
insufficient food or because it is poisoned. 
If sufficient oxygen is pumped into the 
dioxide’ is removed, if 


lungs, if carbon 


anesthetic agents and drugs are used spar- 


ingly and with discretion, if blood lost is 


assiduously replaced, if the anesthesiologist 


is constantly aware of the moment-by-mo- 
ment condition of the patient—then cardiac 
arrest will become exceedingly rare during 
any reasonable operation. 

It would seem appropriate to direct about 
95% of teaching and vigilance toward pre- 
vention and about 5% 


toward treatment 


with machines and massage. 


Summary 


This report deals with operative and hos- 
pital deaths which occurred in 1000 opera- 
tions for congenital heart disease. 

In the group with cyanosis due to pul- 
monary stenosis remedial by surgery, the 
mortality year after year has remained near 
9%. In the noncyanotic group the mortality 
has varied from zero in operations for 
patent ductus arteriosus to 24% in patients 
with constricting vascular rings. 

The causes of death cover a wide range 
those such 
oversights, poor judgment, and inexperi- 


of due to human frailties, 


as 
ence, and those due to irremediable path- 


ology. 
DISCUSSION 
Own Papers BY Drs. KENT, FISHER, For, 
AND NEVILLE AND Porrs, McQutstTon, AND BAFFES 
Dre J. W. Minn.: i am 
certain that all of us have been impressed with 


KIRKLIN, Rochester, 


the care with which these patients have been 
studied and with the accuracy with which Dr. 
Neville and his associates have analyzed their 
data. 


I suppose the usual role of a discusser is to find 
some criticism in the paper he is to discuss; un- 
fortunately, I could find nothing in Dr. Neville’s 
paper to criticize, so I will have to limit myself 
to emphasizing a few of the points he made. 

First, we too 
left described 
by Dr. Fisher, Dr. Neville, and their associates. 
Actually, in this institution we were taught left 
heart Dr. Don Fisher, who 
was good enough to come from Pittsburgh to teach 
the men in our laboratory the method of carrying 


are convinced of the safety and 


value of heart catheterization, as 


catheterization by 


out this procedure. It is done in our hands by a 
modification of the method that has worked out 
so successfully by the people who presented the 
paper. 

We certainly have found, in a much more limited 
experience than theirs, that the procedure is safe 
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and has given us information of extreme value. 

Secondly, I will certainly agree completely with 
the essayists that more and more precision in pre- 
operative diagnosis should be our goal, rather than 
less and less precision. It is easy to become en- 
thused about the future of cardiovascular surgery 
and the wonders of everything that can be ac- 
complished, but I am certain that in our enthusiasm 
we must not be carried away into thinking that 
we can treat anything that comes along. 

1 think that the farther we go the more we are 
impressed with the necessity of absolutely pre 
cise preoperative diagnosis, and left heart cath- 
eterization certainly is a great step forward in this 
direction. 

Finally, | 
Dr. Neville stressed, namely, that in the presence 
of mitral insufficiency it is difficult on occasion to 


would like to emphasize the point 


interpret the gradient between left atrium and left 
ventricle. A gradient, of course, not only reflects 
the size of the orifice in question but reflects the 
flow of blood through the orifice as well. 

In the presence of severe mitral insufliciency the 
flow across the mitral valve is not only the cardiac 
the blood 


into the left atrium and then again passes into 


output but is also which regurgitates 
the left ventricle. 


Our experience has been that in the presence 
of severe mitral insufficiency the interpretation of 
the gradient across the mitral valve is frought with 
some difficulty. 

Dr. Stuart C. CuLten, Iowa City: 
little the 
sented by Drs. Potts, McQuiston, and Baffes. There 


One 
material 


can 


find room for debate on pre- 


are, however, two items of significance that de- 
serve emphasis 

One of 
in these patients. The literature is replete with 


these is the method of anesthesia used 
articles “making a pitch” for a particular agent 
or technique for a particular operation. The argu- 
ments in support of special approaches to an an 
esthetic problem range from — unadulterated 
speculation to hypotheses based upon fairly well- 
controlled clinical investigation. 

The material just now presented may seem to 
support such a special or limited solution to the 
problem of these patients. However, as was pointed 
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out, the successful results are a function of ex- 
cellent teamwork, alertness to minute changes in 
the patient, and a willingness to constantly re- 
evaluate experiences and adjust to new information. 

The these 


patients emphasizes that the anesthetic agent is of 


successful use of cyclopropane in 
considerably less importance than the anesthetist. 
So, also, is a surgical technique of secondary im- 
portance to the surgeon. 

cardiac 
attitude 
arrest” is in the 


The second item deserving comment is 
arrest. | am in utmost sympathy with the 
The 


same category as “idiopathic epilepsy.” In 


expressed. term “cardiac 


neither 
term does one have a diagnosis. If a heart fails, 


a search for such things as hypoxia, overload, 


anesthetic overdose, and so on, should be made. 


The term “cardiac arrest” has come to be a con- 


venient alibi. In some areas it is expected as a 


part of anesthesia and surgery and is often dis- 


missed without further inquiry. 
the 
with the application of this “diagnosis” discourages 


Unfortunately, attitudinal set associated 


investigation into possible causes, Unfortunately, 


also, from a purely chauvinistic or selfish point 
of view, anesthesia is the primary suspect when 


the label, 


distinction to our accepted legal standards, anes- 


“cardiac arrest,” is applied. In contra- 


thesia is guilty until proved innocent. 
Why 


on the 


does not the patient who dies suddenly 


street, and in whom there is no demon- 


strable cause on pathologic examination, suffer 


from cardiac arrest? Is this a disorder or a label 
peculiar to anesthesia and surgery ? 

With the authors of the paper, I make a plea 
for a diagnosis and not simply a label in those 
circumstances in which there is failure of cardiac 
function during anesthesia and surgery. 

Dr. Wiis J. 


sophical thought at the close of today’s meeting. 


Porrs, Chicago: Just one philo- 


Death following operation is distressing because 
of its cruel finality. Those little crosses on the 
hillside stand out so vividly and so permanently. 

In this group of 90 deaths there were 89 post- 
When — the 


postmortem examination is focused upon the cause 


mortem examinations. spotlight of 
of death, the reflection inevitably promotes bona 


fide humility. 
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Argenta Vin oo 


Report of Twenty-Nine Cases, Six Malignant 


W. JAMES ELDRED, M.D., Oakland, Calif. 


The argentaffin tumor of the gastrointes- 
tinal tract is no longer a medical curiosity. 
It has been recognized since 1888 that this 
tumor has malignant propensities. Indeed, 
such tumors occurring in the small bowel and 
appendix (in which locations they are com- 
monest) were classified with the carcinomas 
(adenocarcinomas), and for many years it 
was difficult to single out, in a series of 
epithelial tumors, which ones were adeno- 
carcinoma and which were the more benign 
argentaffin carcinoma. 

However, they became recognized as a dis- 
tinct pathological entity around the turn of 
the century, and the unfortunate name of 
“carcinoid” was applied. The reason for the 
consideration of these tumors as distinct 
from carcinoma was that the appendiceal 
tumors showed, in general, a benign course. 
But the 
metastasize; in 1926, Stewart and Taylor 


“carcinoid” of appendix does 
reported such a case and collected eight other 
cases of appendiceal argentaffinoma with 
metastases.!. Their case occurred in a 31- 
year-old woman and presented as an ap- 
pendiceal tumor with large pelvic metastatic 
deposits. Interestingly, after excision of all 
the grossly visible tumor, the patient did 
well, and she was alive 11 years later. In 
addition to the frequent lack of metastases 
in the appendiceal “carcinoids,” the histology 
of the tumor lacks some of the usual criteria 
of malignancy, viz., pleomorphism of nuclear 
structure and frequent mitoses. 

Received for publication Jan. 23, 1956. 
the Department of Surgery, 
Hospital, San Francisco. The author was a clini- 
the National Institute, 


From Franklin 


cal trainee of Cancer 


United States Public Health Service, Department 
of Pathology, University of California Hospital. 


In contradistinction to the argentaffin 
tumor of the appendix, those of the small 
bowel (and the rarely occurring tumor of 
the rectum) are well recognized by surgeons 
and pathologists to be capable of malignant 
behavior. Argentaffin tumors comprise 8.3% 
of all small intestinal tumors and 20% of 
all malignant tumors of small intestine. This 
was emphasized by Carr in 1931, in a report 
of two cases in the small bowel, both of 
which caused symptoms and were operated 
upon and one of which had metastasized to 
regional lymph nodes.? Ariel reported eleven 
cases of small bowel argentaffinoma in 1939, 
five of which were malignant.? He reviewed 
237 cases from the literature, 25% of which 
had metastasized. He pointed out that the 
prognosis is, generally speaking, good but 
that the Of the 


extra-appendiceal Grimes 


tumors can cause death. 


lesions in and 
ell’s series of gastrointestinal tract carci- 
noids, 100% were malignant; all eight of 
them were in the small bowel.t | Foreman 
reported 38 carcinoids, 14 of which were in 
the small intestine.” Four of the fourteen 


Bell 


Dockerty’s series of 30 cases occurring in 


were malignant. Grimes and cite 
the small bowel, 13 of which were malignant. 
In the present series, which includes 15 small 
bowel argentaffin carcinomas, 5 were ma- 
lignant. Spread to regional nodes is frequent, 
and spread to more remote locations occurs 
occasionally (liver, lungs, kidneys, adrenals, 
retroperitoneum, bone, subcutaneous tissue, 
brain, and pancreas). The percentage of 
malignancy of small bowel argentaffinomas 
varies considerably, depending on the par- 
ticular report. 

Because of the undoubted malignant po- 
tential of these tumors, which are epithelial 
neoplasms capable of invasion and metasta 
argentaffin carcinoma or 


sis, the term 


argentaffinoma should probably be used. 
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“Carcinoid” is well entrenched in the liter- 
ature, but it is misleading, often giving an 
concept of how these lesions 
Willis 


term argentaffin carcinoma and suggests the 


erroneous 
should be treated. advocates the 
name Kultschitzky-cell carcinoma, for there 
is good evidence that the tumor arises from 
the specialized granular epithelial cells of the 
crypts of Lieberkthn, the yellow cells of 
Kultschitzky.® Masson showed these cells to 
have selective ability to reduce ammoniacal 
The 
cut surface of the tumor, and its metastases, 


silver nitrate, the argentaffin reaction. 


show the characteristic yellow-orange color, 


like the cells from which they arise. 


Pathology 

Argentaflin carcinomas of the small in 
testine occur about as frequently as_ the 
adenocarcinomas. The gross appearance of 
the tumor is usually a discrete, nodular mass, 
sometimes polypoid, with a rubbery consis 
tency and showing on section a yellow hue, 
as mentioned above. The ileum is more often 
affected than the jejunum. Young growths 
often take the form of nodules projecting 
intact 
Older 


causing 


into the bowel lumen, covered by 


mucosa, but ulceration may occur. 


tumors may encircle the bowel, 


stenosis. leven in the well-defined tumors, 
fine extensions are seen on microscopic study 
to grow into the muscularis and serous coats ; 
hyperplasia of the invaded muscular tissues 
and increased fibrosis occur with this infil 
tration. 

The microscopic appearance is. that) of 
well-defined clumps or. strands of small 
closely packed polyhedral cells, with here and 
there small glandular lumina or distinct 
glandular acini. The nuclei are round, dis 
tinct, and regular, with punctate, sometimes 
coarse, chromatin granules and _ little evi 
dence of pleomorphism or excessive mitoses. 
Phe cytoplasm is faintly eosinophilic, with 
poorly defined cell borders. The more ac 
tively growing tumors show varying degrees 
of anaplasia, in part or whole, but there is 
seldom any difficulty in recognizing the fa- 
miliar pattern, in primary or in metastatic 


deposit. 
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Whatever the carcinogenic factors may be, 
they operate over the whole mucosa of the 
small bowel, for the tumors are frequently 
multiple; sometimes as many as 20 or 40 
visible tumors occur, They have been seen 
where argentaffin cells have been described, 
including stomach, pancreas, gall bladder, 
and Meckel’s diverticulum, as well as small 
and large bowel. These cells are particularly 
frequent in the appendix, but they have been 
described in other parts of the colon (includ- 
ing the rectum). Argentaffin carcinoma of 
the large intestine, excluding the appendix, 
is rare. Peritoneal spread is accompanied by 
fibrotic contraction and kinking of the in- 
testine. This, in turn, may lead to intestinal 
obstruction, which is frequently the present- 
ing symptom. Ninety per cent of malignant 
tumors of the appendix are argentaffin carei- 
nomas. They are usually situated at or near 
the tip, as a firm nodule of yellowish tissue, 


2 cm. in diameter. It may be well de- 


1 or 
fined or may diffusely infiltrate the coats of 
Most are 


dentally at postmortem examination, or in 


the appendix. discovered inet 
appendices surgically removed for appendi- 
citis. The appendiceal tumors are usually 
single, discovered at ages ranging from 12 
to 70 years, the average in most series being 
about 30 years. The sexes are nearly equally 
affected, but some series report predomi 
nance of females; (this is probably due to 
the more frequent removal of appendices in 
that sex, incident to elective pelvic surgery). 
Metastases have been reported from these 
appendiceal tumors, to the — peritoneum, 
lymph nodes, liver, and elswhere, but most 
with removal of the ap 


cases are cured 


pendix. 


Material 
The 29 argentaffin carcinomas herein re- 
ported were collected from the postmortem 
records and surgical pathology files of San 
Cali- 
fornia Service) and Franklin Hospital in 
San 


period from 1932 to 1954. Of these 29 cases, 


I‘rancisco Tospital (University of 


I‘rancisco, representing the 23-vear 
24 are analyzed (5 records were unavyai! 


able Die 


Seventeen of the twenty-nine were 
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ARGENTAFFIN CARCINOMA 


treated; treatment was surgical. (One had 


surgery plus mechlorethamine — [nitrogen 
mustard] therapy, and one had surgery plus 
x-ray therapy.) The remaining 12 were 
found at autopsy. 

Argentaffinomas make up 0.23% of the 
6092 autopsies in this series. This figure is 
close to that given in most large autopsy 
series. The most frequent site of argen- 
taffin carcinomas is the appendix; the ileum 
is the next most frequent. Most authors 
a higher incidence in the appendix 


than elsewhere, but the present series of 29 


rept rt 


argentatinomas includes 10 appendiceal 
tumours. (The reason for this may be that 
the appendiceal tumors are often very small 
and may be overlooked at the time of path 
ological examination unless several sections 
of the viscus are taken, including a longi 
tudinal section through the tip.) The rest 
of the gastrointestinal tract is represented as 
bowel 


jejunum, 2; 


follows: ileum, 9 small 


Cases ; 
(unspecified), 3; rectum, 3; 


duodenum, 1; cecum, 1. The appendiceal 
argentaffinoma is frequently found in an ap- 
pendix removed for inflammation, as noted 
above. Three of the present series of ten 
appendices were so inflamed. In Grimes and 
Bell’s report of 11 carcinoids of the appen 
dix, +4 were inflamed.’ It is for this reason 


that the appendiceal argentaflin carcinomas 





have such a good prognosis; i.e., the tumor 
is often obstructing, and obstruction in a 
blind tube (appendix) gives rise to symp- 
toms. Thus, early surgery results in re- 
moval of the tumor and there is less likli- 
hood for the tumor to have progressed 
to the stage of serosal and lymph 
node spread than in the identical tumor 
situated 


elsewhere in the  gastrointes- 


tinal tract. It is probably because of this 
that the age incidence of argentaffinoma is 
quite different in the various anatomical lo- 
cations of the tumor. In. the small bowel 
argentaffin carcinoma may grow for years 
before producing symptoms of obstruction 
or other symptoms referable to metastases. 
Many of the small nodular tumors of the 
small bowel are discovered incidentally at 
Although — the 


average age at which the appendiceal tumors 


postmortem examination. 
are discovered is about 30 years, it is 42 
years in my series. On the other hand, 
argentaffinomas of the small intestine most 
frequently affect the middle- and older-age 
groups, around 58 to 60 years, and this was 
so in the present series (average, 58.7 
years). 

Of the surgical cases, nine were appen- 
dectomies (including one incidental appen- 
dectomy done at the time of pelvic surgery), 


five were operations for bowel obstruction 


Fig. ] 
infiltrating the submucosa 


-Argentaffinoma 
and muscularis of the 


appendix. Note the pseu- 


doacini 
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(including one nonmetastasizing argentaf- 
finoma of the jejunum, causing intussuscep- 
tion), and two were local excision of rectal 
tumors. Appendectomy apparently cures the 
cases of argentaffin carcinoma occurring in 
the appendix, but if the tumor is recognized 
or suspected at surgery a wide excision of 
the mesoappendix should be done, as the 
neoplastic cells frequently invade all coats 
of the viscus and extend to the mesentery. 

However, some surgeons feel that if the 
diagnosis of argentaffinoma of the appendix 
can be made at operation, even though the 
tumor shows no gross evidence of spread 
beyond the serosa, radical surgery should be 
done. Anlyan advocates right colectomy and 
ileotransverse colostomy, with eradication of 
the lymph nodes draining the area.* 

Of interest is the fact that one of the cases 
of ileal argentaffinoma (Case 1) with lymph 
node (and probably hepatic) metastases did 
Fliers Mais Gye 
Ne rahe? Me 
a at0%. 


” 













not have symptoms but had a small mass on 
the ileal serosa, which was locally excised 
at the time of hysterectomy. She has no 


symptoms one year later, and a gastro- 
intestinal x-ray shows no abnormality of 
terminal ileum. An exploratory laparotomy 
is planned for her in the near future. 


* Anlyan, A. J.: Personal communication to the 
author. 
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Case Histories of the Six 
Malignant Argentaffinomas 
Case 1.—Argentaffinoma of ileum with metas- 
tasis to the mesentery and liver 
A 44-year-old white spinster entered for re- 
moval of large lower abdominal tumor diagnosed 
No history of 
abdominal pain or change in bowel habit. 


preoperatively as leiomyoma uteri. 
Exami- 
nation showed nothing remarkable except a large 
(12 cm. diameter) suprapubic mass. At surgery a 
In the 
valve, on the 


large leiomyomatous uterus was removed. 
from the ileocecal 


was a 2 


ileum, 30 in. 


antimesenteric border, mm, gray firm 


mass, directly opposite some hard yellow-gray 


lymph nodes measuring 1 cm. in diameier. A firm 
rubbery 1 cm. nodule also was palpated in the left 
lobe of the liver. The mass was excised locally 
from the ileum; the mesentery was not excised. 
Pathological examination of the small mass showed 
a crisp-cutting, cream-colored lesion, which on 
small 
spherical tumor cells, invading the muscularis of 


microscopic examination showed nests of 


the ileum. The cells had the fine chromatin and 


lack of both pleomorphism and mitotic activity 


characteristic of carcinoid tumor. This patient 


Fig. 2 


1).— 


Argentaffinoma in the 


(Case 


muscularis and penetrat- 


ing to the serosa of the 


ileum. 
has been well for the past year; there are no 
physical findings, and a recent gastrointestinal 


terminal 


x-ray shows no abnormalities of the 
ileum. 
Cast 2.—Argentaffin§ carcinoma in Meckel’s 


diverticulum with metasiases to the liver 

A 50-year-old woman entered hospital with a 
six-month history of diarrhea, weight loss, and 
abdominal fullness. Examination showed a large 
nodular liver, pitting edema of both lower extremi- 


ties, a harsh apical systolic murmur, and _ eleva- 


-tas- 


re- 
osed 
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tion of the diaphragms due to the large liver. 
Blood cell count was normal, but the icteric index 
was slightly elevated (17.2). enema 
showed an area of constriction in sigmoid, which 


Jarium 


was never adequately explained, for at surgery the 
findings were a liver massively infiltrated with 
metastatic tumor, and Meckel’s diverticulum con- 
taining a polypoid tumor at its tip. The latter was 
excised, and a biopsy specimen was taken from 
the liver. Pathological report showed the diver- 
ticulum to contain small nests of neoplastic cells 
in mucosa and submucosa occurring in cords and 
clumps. The nuclei had granular chromatin and 


little pleomorphism. The same histopathology 








occurred in the liver nodule. Diagnosis: carcinoid 
in Meckel’s diverticulum, with hepatic metastases. 
Patient has been given several courses of mechlor- 
ethamine intravenously, with some regression in 
size of the abdominal mass. 

Case 3.—Argentaffin carcinoma of cecum with 
metastasis to the mesentery and liver 

A 58-year-old man was hospitalized with a two- 
month history of abdominal fullness and pain in 
the right side of abdomen as well as a 20 Ib. weight 
loss. X-rays showed obstructing lesion of the 
right colon. Examination demonstrated a_ thin, 
wasted man, with a right lower quadrant mass 


6x23 in., firm and fixed. Nodules were felt 


Fig. 3 (Case 3).—Ar- 
gentaffin carcinoma of 


cecum. 


hig. 4 (Case 2).—Ar- 
gentatlin carcinoma me- 
tastatic to liver; the 
tumor cells are on the 
left of the field. 


wn 
i) 
om 












in the cul-de-sac. 
per 100 cc., and the white blood cell count was 
4400, with 83% polymorphonuclear cells. At sur- 
gery a large (15 cm. diameter) malignant mass 
replaced the cecum, with complete obstruction of 
terminal ileum. There were widespread peritoneal 
metastases and liver nodules. 


The hemoglobin was 11.5 gm. 


Ileotransverse colos- 
tomy was done, and the mass was biopsied. Path- 
lymph nodes 


hyperchromatic 


ological report three large 
replaced with 


spherical cells with regular nuclei and scant cyto- 


was 
sheets of small 
plasm. Pseudoacinar formation was present, and 
there were rare mitoses. Diagnosis: carcinoid, Pa- 
tient reentered hospital four years later with bowel 
obstruction. He was reoperated upon, and omental 
adhesions were released. It was noted that there 
had been little change in the appearance of the 
tumor from four years previously. He died seven 
months later; there was no autopsy. 

CasE 4—Argentaffin carcinoma of ileum with 
metastases to mesentery and peritoneum 

A 50-year-old white woman was sent to hospital 
with a six-month history of mass in right lower 
quadrant and intermittent morning vomiting. Pelvic 
examination showed a large cystic mass high in 
right fornix, and a nodular mass 2X3x3 cm. 
in rectovaginal septum. Gastrointestinal series was 
negative. At surgery a large tumor mass occurred 
between leaves of the mesentery of ileum and a 
nodule was seen in the omentum, which was biop- 
sied. Other peritoneal implants were present. She 
received 20 deep x-ray treatments but returned 


to hospital with intestinal obstruction a month 


later. She was treated conservatively and soon 
died. Postmortem examination again showed the 
mass in the mesentery, with constricted loops of 
small bowel adherent and kinked about the mass. 
Tumor was present in the submucosa and mucosa 
of ileum, causing a sharp kink near the cecum. 
Microscopic examination of the tissue demon- 
strated fairly uniform polygonal cells, with light 
round containing chromatin but 
The cells were 
supported by dense fibrous stroma and invaded 


nuclei, heavy 


little pleomorphism. masses of 
found 
for- 


all layers of bowel. The same tissue was 
in the nodules removed from behind the left 
nix and in several lymph nodes. 

Case 5.—Argentaffin carcinoma of ileum with 
metastases to peritoneum, mesentery, para-aortic 
and mediastinal lymph nodes, lung, liver, marrow 


A 65-year-old white man entered with a four- 
month history of diarrhea, emesis, and abdominal 
enlargement. Examination showed an obese man, 
breathing heavily, with signs of fluid in the right 
chest. A loud murmur was 
heard, and there were frequent ectopic heartbeats. 
The abdomen was markedly distended, with fluid 
wave, and a right upper quadrant mass that was 
thought to be enlarged liver. Edema of genitalia 


harsh precordial 
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and the lower extremities was noted. The electro- 
cardiogram showed a complete heart block, and 
the white blood cell count was slightly elevated. 
Paracentesis abdomini released 9000 cc. of cloudy 
white fluid, which had no cells in the centrifuged 
“button.” Gastrointestinal bizarre 
pattern of small bowel. He was treated for con- 
gestive heart failure but died six days after ad- 
mission, 


x-ray showed 


Necropsy showed numerous small white 
nodules sprinkled over the small bowel, from 0.5 
to 1.0 cm. in diameter, with cicatrization of the 
mesentery. The lymph nodes along the aorta 
and spine were enlarged, matted, and hard. Liver 
was studded with white metastatic nodules. The 
mediastinal nodes were greatly enlarged as well. 
The small bowel was moderately dilated and ede- 
matous. Three feet proximal to the ileocecal valve 
there was a tumor on the antimesenteric border 
of the ileum, 15x20 cm., with scarring and con- 
traction of bowel wall about this, producing par- 
tial 


obstruction. The mesentery likewise showed 


scarring, with many involved nodes. Microscopic 
study of the constricting lesion showed a_ small 
ulcerating surface interrupting the mucosa and 
nests of small uniform cells invading all coats of 
bowel. The cells were typical of carcinoid. The 
tumor the adventitia 
the in the retroperitoneal lymph 


nodes, bronchial nodes, marrow, liver, and lung. 


same process was seen in 


around aorta, 

CAsE 6.—Argentaffin carcinoma of ileum with 
metastases to cecum, mesentery, liver, and ovaries. 

A 68-year-old white woman was sent to hospital 
with a one month history of abdominal pain, dis- 
tention, vomiting, and diarrhea, together with con- 
siderable Examination showed an 


weight loss. 


elderly obese woman, dehydrated, with a rapid 


(110). 


The abdomen was distended and tympanitic. Bowel 
ym] 


pulse Respirations were 24 per minute. 
sounds were high-pitched, and distended loops of 
bowel were palpable in the left quadrants. X-rays 
confirmed clinical impression of bowel obstruction, 
the barium enema demonstrating a cecal defect 
and shortening of the colon. Exploratory lapar- 
otomy showed a large malignant mass apparently 
arising from the ileum, involving cecum and the 
mesenteric nodes as well as the liver. A shortcir- 
cuiting operation was done, but she had a short 
postoperative course and died of peritonitis a few 
days later. The postmortem examination showed 
the same gross picture, except that the mesentery 
was nodular and woody hard. Sections of the 
terminal ileum showed the submucosa to be 1 cm. 
thick, with hard gray tumor tissue infiltrating it 
for a distance of several centimeters. The micro- 
scopic examination showed sheets of tumor cells 
having the histologic pattern typical of carcinoid. 
There were similar nests of carcinoid cells in the 


cecum, mesenteric nodes, liver, and ovaries. 
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Clinical Considerations and Treatment 

Symptoms of small bowel obstruction, to- 
gether with x-ray evidence of a filling defect 
or kinking in the terminal ileum, in a 
middle-aged person should make one suspect 
argentaffinoma. This was recognized by 
Carr; i. e., signs and symptoms of intestinal 
obstruction, together with x-ray evidence 
terminal ileum, 
Porter and 


suggesting tumor in the 
were present in his cases.” 
Whelan reported a case of a 37-year-old 
obstruction, 
In addi- 


tion, he had a right lower quadrant mass; 


man with intermittent bowel 


pain, weight loss, and diarrhea.‘ 


he was operated upon, and an argentaff- 


noma of terminal ileum with mesenteric 
lymph node metastases was widely resecved. 
He was well 10 years later. This patient 
had a “tetrad” of symptoms stressed since 
then by Grimes and Bell, viz., intermittent 
obstruction, with abdominal 


small bowel 


pain, diarrhea, and weight loss.*. These au- 
thors feel that this tetrad is characteristic 
of argentaffinoma. If there is x-ray evi- 
dence of kinking or a filling defect of the 
terminal ileum, the diagnosis is strongly 
suspected. Five of the six malignant cases 
summarized in the Table presented with 
bowel obstruction and more or less of the 
tetrad of symptoms referred to above. 
Recently, another feature of argentaffi- 
nomas, which may aid in the preoperative 
diagnosis, has been stressed by Thorson and 


co-workers.S In 1954 these workers de- 
scribed a new syndrome of carcinoid of the 
small intestine with metastases to the liver, 
together with valvular disease of the right 
side of the heart, sudden flushing of the 
skin, an unusual type of patchily distributed 


“asthma.” The 


cause of the syndrome is thought to be an 


changing cyanosis, and 
argentaffin carcinoma of the small intestine 


with hormonal properties and extensive 


metastases to the liver. Thorson discusses 
substances with vasoactive properties and 
points out that serotonin, or enteramine 
(5-hydroxytryptamine ), is the one which in 
its effects seems most likely to correspond 
with the signs and symptoms of the syn- 
drome. Recently, it has been extracted in 
considerable amounts from an argentaffi- 
noma. The findings and symptoms of the 
syndrome presented in Thorson’s series in- 
clude plethoric coloration and total or par- 
tial cyanosis in the absence of polycythemia. 
Peculiar patchy flushing of the skin oc- 
curred in the cases he reported. There were 
seven such definite cases of this rare syn- 
drome, in two of which the presence of 
argentaffin carcinoma was suspected before 
operation because the patients had sudden 
flushing of the skin and patchily distributed 
cyanosis. Both of these patients proved at 
surgery to have malignant argentaffinoma. 
Thorson cites other authors reporting cases 


of argentaffinoma associated with this pecul- 


Malignant Argentaffin Carcinomas 


Age, Bowel Primary - 
Case Sex Yh Obstruct. Tumor Metastases Comment 
1 F 44 No Terminal Mesentery, Discovered incidentally at hysterectomy; locally 
ileum iver excised; well 1 yr. later 
2 F 50 Yes Meckel’s Liver Presented with picture of widespread metastases 
diverticulum alive 2 yrs. later; receiving mechlorethamine 
3 M 58 Yes Cecum Mesentery, Surgery for bowel obstruction; died 41% yr. later 
liver no change in appearance of tumor 
4 F 50 Ye lleum Mesentery, Surgery for bowel obstruction; large mass in 
peritoneum leaves of mesentery; biopsy only; x-ray therapy; 
died of recurrent obstruction a month later 
5 M 65 Yes Ileum Peritoneum, Died of metastatic disease, including ascites and 
mesentery, bowel obstruction; no operation 
periaortie & 
mediastinal 
nodes, lung, 
: liver, marrow 
6 F 68 Yes leum Cecum, Surgery done for bowel obstruction; died of 


mesentery, 
liver, ovaries 





peritonitis in a few days 

























iar type of vascular phenomenon. At the 
University of California Hospital, recently, 
Torrey studied two other patients with this 
type of vasomotor disturbance and_ skin 
changes who proved to have, at operation, 
malignant argentaffinoma.+ Bean and co- 
workers report two patients with pathologic 
findings of carcinoid of the small intestine 
with hepatic metastasis, unusual lesions of 
the tricuspid and pulmonic valves, and tel- 
angiectasia with a proliferative and throm- 
botic disorganization of blood vessels of 
the skin, together with transient flushing, 
mottled cyanosis, diarrhea, asthma, and 
signs of valvular lesions of the right heart, 
with edema and congestive failure. They 
explain the combination of symptoms and 
findings on a humoral basis, that the car- 
cinoid, with its metastatic deposits, manu- 
factures serotonin and releases it into the 
inferior vena cava erratically and that this 
produces a turmoil in valves and endocar- 
dium of the right heart and the phenomenon 
of brisk flushing. The authors suggest that 
a molecular antagonist to serotonin should 
be tested as a possible agent of palliation or 
cure.” 

The radical surgical extirpation of such 
tumors is often followed by a relatively long 
and life. 
mary tumor in cases with extensive meta- 
further 
the 


In Case 


comfortable Removing the pri- 


stases often results in arrest of 


metastases for several years, unlike 
results in cases of adenocarcinoma. 
3, irremovable local and hepatic metastases 
were present at the time of the first opera- 
tion. 
The patient lived four more years and died 


There was little or 


Hleotransverse colostomy was done. 


of bowel obstruction. 
no change in appearance of the tumor at 
the time of the second operation, done for 
relief of the obstruction. 

Several authors have reported similar 
cases, in which removal of the primary 
tumor resulted in apparent regression of 
the metastases and resulted in the patient’s 
living for 5, 10, and even 20 years, without 
showing any ill effect. In other words, rad- 

+ Torrey, F.: 
author. 


524 


Personal communication to the 





A, M. A. ARCHIVES OF SURGERY 


ical surgery is justified in some cases of 
advanced argentaffin carcinoma, where pal- 
liation alone would be the treatment were the 
lesion an adenocarcinoma. 

One of the six malignant cases presented 
here came to hospital with a four-month 
history of diarrhea and abdominal enlarge- 
ment. He was treated for congestive heart 
failure but 
hospitalization. 


died within a week after 


Postmortem examination 
showed argentaffin carcinoma of the ileum 
with widespread peritoneal and distant 
metastases. 

There were three cases of rectal argen- 
taffnoma in this group, none of which had 
metastasized. Two were removed locally; 
the third was an incidental finding in the 
necropsy room. T*oreman presented five 
cases of argentaffinoma occurring in the 
rectum, of which one was malignant.® He 
summarized (in 1952) all previously re- 
ported rectal argentaffinomas, concluding 
that the malignant variety in the rectum is 
more rapidly fatal than malignant tumors of 
the small bowel. He recommends combined 
abdominoperineal proctosigmoidectomy for 
certain rectal growths, including the large 
bulky ones, the annular tumors, the fixed, 
and the recurrent argentaffin carcinomas in 
that location. 

Duodena! argentaffinomas are very rare. 
One occurred in this group. There were 
three reported by Hazard and Wise in 
1951, who cite eight others previously re- 
ported.’ Their cases were roentgenologi- 
cally indistinguishable from benign tumors 


of the duodenum or prolapsed polypoid 
Hazard and Wise favor 
local excision of all duodenal tumors for 


pathological study. 


gastric lesions. 


Although surgery is the best treatment 
for the great majority of argentaffin tu- 
mors, some may be benefitted by x-ray or 
mechlorethamine. Ariel’s case of locally re- 
current argentaffinoma treated by x-ray was 
two and one-half 


apparently cured for 


years." One of the cases in the present 
for a 


tumor in the mesentery of the ileum, which 


series received irradiation large 
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was biopsied. However, the patient died in 
one month, of recurrent bowel obstruction. 
was thought to be inoperable carcinoma and 

An interesting finding was the presence 
of another malignancy in 3 of the 29 cases 
of argentaffinoma analyzed here. This has 
been noted by others, e.g., Hazard and 
Wise !° and Foreman.® In my series one 
patient had bronchogenic carcinoma, one 
had carcinoma of the prostate, and the third 
had a (successfully treated) carcinoma of 
the cervix uteri. 


Summary 

Argentaffin tumors of the gastrointestinal 
tract are discussed, and 29 cases are pre- 
sented, 6 of which were malignant. 

The use of the term “argentaffin carci- 
noma” is suggested rather than “carcinoid.” 

The treatment for this tumor occurring 
in the appendix is appendectomy with wide 
excision of the mesoappendix. 

Intermittent smali bowel obstruction or 
x-ray demonstrable filling defect or kink- 
ing of the terminal ileum, in a_ middle- 
aged patient, should alert one to diagnose 
argentaffin carcinoma. 

Reference is made to a new syndrome, 
should be kept in 


which, although rare, 


mind in the evaluation of patients with 
peripheral vasomotor symptoms; this should 
result in more cases of argentaffin carci 
noma being discovered and brought to 
operation. 

The treatment of argentaffin carcinoma is 


surgical. Radical excisional surgery, even 


in the presence of distant metastases, is in- 


dicated, because of the favorable prognosis 
in this disease and the frequent stabilizing 
of the metastatic deposits when the primary 
growth is removed. 
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Report of a Successful Surgical Case 


C. WALTON LILLEHEI, M.D. 

MORLEY COHEN, M.D. 

HERBERT E. WARDEN, M.D. 

and 

RICHARD L. VARCO, M.D., Minneapolis 


The imaginative Blalock-Taussig anasto- 
motic operation, in the decade since its in- 
troduction, has brought effective palliation 
to the lives of many previously crippled 
from the physiological abnormalities asso- 
ciated with Fallot’s tetralogy. Perhaps even 
transcending these benefits has been the 
arousal, by these same dramatic accomplish- 
ments, of a serious interest in congenital 
cardiac malformations among pediatricians, 
and [everlasting 


cardiologists, surgeons, 


credit should be accorded these pioneer 


for their stim- 
bold 


techniques, and their over-all accomplish- 


workers and Robert Gross 


ulating discoveries, presentation of 
ments in salvaging lives otherwise preme.- 
turely doomed. Through their deeds, for 
the first time, a widespread interest was 
keenly felt in the medical profession for the 
plight of those tens of thousands of infants 
born each vear in the United States with 
some form of potentially curable congenital 


heart disease. 
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Complete - ae C cinealliis of the 
Tetralogy of Folltat Defects 





The only logical goal in any individual 
patient, and hence the one we all seek, is 
the complete correction of all the existing 
cardiac defects. After having thus restored 
the circulation to normal anatomically and 


physiologically, one can for the first time 


hope that life expectaney can thereby be 
lengthened to its full span. In this regard it 
is pertinent to point out that virtually the 
entire mortality in corrective surgery is the 
initial one. On the other hand, inevitably 
the mortality associated with palliative sur 
gical procedures will continue to rise at an 
abnormal rate with the passage of time. Few 
the 
greater potential merit of curative versus 


would seriously dispute, therefore, 


palliative surgery. Hence, this therapeutic 
goal has been the guide for our research 
efforts. 

The following is the report of a boy, 
Fallot 
defects, in whom complete anatomical res- 


seriously ill with the tetralogy of 


toration has been achieved. This concept 
is affirmed by his subsequent dramatic clin- 
ical improvement as well as by objective 
roentgenographic and catheterization studies 
carried out six months postoperatively. The 
technique of controlled cross circulation was 
utilized for the total by-pass of the heart 
and lungs during the necessary interval of 
open cardiotomy. At that time the patient’s 
ventricular septal defect was closed by the 
precise placement of silk stitches under di- 
rect vision. Next the obstructing infundi- 
bular muscle was resected until an adequate 
outflow channel had been developed. 


Report of Case 


The patient, a 17-month-old boy, was seen fot 
the first time on Oct. 21, 1954, at the University 
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CORRECTION OF TETRALOGY 
Heart Hospital Out-Patient Clinic. Because of 
the child’s grave appearance he was admitted to 
this hospital the same day (Fig. 14). The physi- 
cian who had delivered the child had informed 
the family then that the infant was a “blue baby.” 


OF FALLOT DEFECTS 


right ventricular enlargement. The pulmonary 
vascular markings were decreased and the pul- 
monary artery segment flattened. (Fig. 24). Four 
da 





after admission angiocardiography was car- 
ried out by injecting 12.5 ce. of 70% sodium 





Fig. 1. 


septal defect and resection of the infundibular pulmonic stenosis. 


Tetralogy of Fallot patient, age 19 months. A, prior to surgery. The severe 
systemic arterial desaturation (25%) is evident in lips, tongue, face, and hands. The patieni 
was unable to sit up alone. /, the same patient seen four weeks after closure of his ventricular 


\t this time he already 


had reacquired the ability to sit up unaided. The femoral artery oxygen saturation is 94%, 
and recatheterization (six months postoperatively) has indicated normal right heart measure- 


ments. 


The pattern from birth had been one of increas 
ing illness manifested by dyspnea even at rest and 
progressively more marked cyanosis. The child 
sat alone for the first time at 9 months of age, 
but during the three months just preceding hos 
pitalization he was no longer capable of this effort. 
\lso during this latter period the infant not only 
had failed to gain weight but had lost 1 Ih. (454 
gm.). 

Physical examination at the time of admission 
disclosed an underdeveloped (8000 gm.) intensely 
cyanotic irritable infant who was extremely 
dyspneic. His temperature was 100.6 KF. There 
was a Grade 3 systolic murmur over both apex 
and base of the heart, and loudest along the sternal 
border. The pulse rate at rest was 170 per minute 
The liver was moderately enlarged. The admis 
sion diagnosis based upon these clinical findings 
was complete transposition of the great vessels 
lhe admission electrocardiogram was abnormal 
and disclosed evidence of right ventricular hyper 
trophy and strain, a sinus tachycardia, as well as 
peaked P 
per 100 cc. with a hematocrit value of 50%. The 


waves. The hemoglobin was 12.0 ¢m 
luecocyte count was 14,000 per cubic millimeter 
with only 9% neutrophiles. Urinalysis, bleeding, 
; ° 
clotting, and platelet counts were normal 

The admission roentgenograms showed moder- 


ately advanced cardiomegaly due in part to the 


acetrizoate (Urokon) rapidly into the saphenous 
vein. These films demonstrated opacification of 
the right atrium, right ventricle, and both the 
aorta and pulmonary artery. The visualization of 
the latter was never good, and its small size was 
interpreted as suggestive of infundibular rather 
than a valvular type of stenosis, but no actual 
stenotic site was seen. These angiocardiographic 
studies ruled out the diagnosis of complete trans 
position of the great vessels. There was. still 
some uncertainty, however, as to whether the 
child had a trilogy or tetralogy of Fallot. The 
cardiologists favored the former because of — the 
cardiomegaly. Cardiac catheterization, done one 
week aftet admission, substantiated the diagnosis 
of tetralogy of Fallot (Table) 

This child was then accepted for a curative 
surgical operation. Because of his desperately ill 
appearance, even while in an oxygen tent, the 
maximum medical improvement possible was 
sought during several weeks of careful preopera- 
live management. He was digitalized on Nov. 2, 
and in association with this his clinical status was 
hetter, despite a further loss in body weight of 


lL Ib. (454 om.). 


The Operation 


On Dee. 3, 1954, corrective surgery was carried 


out with employment of the technique of controlled 
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heating pad to minimize the deleterious cardiac 
effects associated with any spontaneous drop in 





* References 1 through 5. anterior bilateral thoracotomy in the fourth inter- 
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A 


Rae sai 
Fig. 2.—Tetralogy of Fallot. A, preoperative roentgenogram. The sparse pulmonary 
vasculature concavity of the pulmonary artery segment and elevated cardiac apex are evident. 
The cardiomegaly was due to the cardiac decompensation present. 2, postoperaiive roentgeno- 
gram, at the time of cardiac recatheterization six months after surgery. Note the more 
normal cardiac silhouette and lung fields. The cardiac transverse diameter has decreased since 
the corrective surgery was performed. 


Correction of Tetralogy of Fallot Defects by Closure of the Ventricular Septal Defect 
and Resection of the Infundibular Stenosis Under Direct Vision Utilizing 
Controlled Cross Circulation 
(Age at Surgery Nineteen Months) 








Cardiac Catheterization 
P = ] 
Preoperative, 1 Mo. | Postoperative, 6 Mo, 
Oxygen Content,* Pressure, | Oxygen Content,* | Pressure, 
Site % Sat. Mim. Hg | % Sat. | Mm. Hg 
Superior vena cava 19 | 71 | 
Inferior vena cava | 69 
Right atrium 24 7/2 | 66 6/2 
Right ventricle 39 &2/0 | (Hi) 66 | 38/0 
Pulmonary artery — ane ae : 8/5 | 65 20/8 | 
| | 
} 
Systemic artery | 25 80/40 | 94 } 100/70 
| 


(crying) 


* Van Slyke determinations. 


cross circulation* and utilization of the patient’s body temperature during the perfusion interval. 
father (age 28 years) as the donor. For the opera- Anesthesia was induced with cyclopropane, and 
tion, this infant was placed upon an electric 


small amounts of thiopental (Pentothal) and 
nitrous oxide were relied upon for its maintenance 


thereafter. The chest was entered through an 





val. 
and 
and 
ince 

an 


wer- 
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space. After the pericardium was opened, the 
enlarged heart was noted to have that dusky 
appearance characteristic of severe arterial de- 
saturation. The aorta was large (4 cm.) in 
diameter, and a small but adequate pulmonary 
artery (1 cm.) was evident emerging from the 
right ventricle. A weak thrill was palpable in this 
vessel. The patient’s superior and inferior venae 
cavae were dissected from the adjacent tissues 
and encircled by tapes cardiac to the azygos and 
hepatic veins. The root of the patient’s ascending 
aorta was also encircled by a cotton tape which 
was attached to a Rumel tourniquet, as previously 
described.* This maneuver by selective occlusion of 
the coronary circulation, insures an_ intermit- 
tently blood-free intracardiac operating field at 
wili during the cardiotomy. The puiieit was 
heparinized (10 mg. intravenously), and the ascend- 
ing aorta was cannulated with a thin-walled plas- 
tic catheter (14 F. diameter) inserted retrograde 
through the right subclavian artery. The superior 
and inferior venae cavae were cannulated via the 
transauricular insertion of similarly sized plastic 
catheters connected by a stainless steel Y 
adaptor. Simultaneously, the donor’s superficial 
femoral artery and saphenous vein had been can- 
nulated by similarly sized plastic catheters after 
his heparinization (1.5 mg. per kilogram of body 
weight). 

The pump was calibrated to deliver 200 cc. of 
arterial blood per minute from the donor to the 
patient’s aortic catheter and to return from the 
patient’s venae cavae to the donor’s saphenous 
vein the same amount of venous blood for oxy- 
genation. After completion of these preparations, 
two stay sutures were placed in the right ven- 
tricle. The pump reciprocating the interchange 
of blood between patient and donor was started, 
and the caval inflow to the patient’s heart was 
occluded by the previously placed tapes. Im- 
mediately, there was a dramatic change in the 
appearance of the heart from that of a deep-blue 
to a healthy-pink color. The right ventricle was 
opened by a vertical cardiotomy through the length 
of its anterior wall. This clearly exposed a ven- 
tricular septal defect 25 mm. in diameter, located 
high in the septum just beneath the aortic valve 
cusps, which were clearly visible through the de- 
fect. There was also a high infundibular stenosis 
located 5 mm. below the pulmonic valve. This 
stenotic area had an outflow orifice only 3 mm. 
in diameter. The cardiotomy incision was ex- 
tended directly through this narrowed area to lay 
it widely open. First, the ventricular septal defect 
was closed by tying five interrupted 000. silk 
stitches placed carefully between its opposing mar- 
gins. Then the infundibular muscle obstructing the 
right ventricular outflow tract was resected gen- 
erously (Fig. 3). A Hegar dilator (15 mm. 








Fig. 3.—Infundibular muscle resected at the 
time of open cardiotomy in correcting this patient’s 
right ventricular outflow obstruction. The ven- 
tricular septal defect was closed with five inter- 
rupted stitches of 000 silk. 


diameter) was kept in the pulmonary outflow 
tract while the cardiotomy was closed with a 
continuous 000 silk stitch sewn in two layers. The 
empty heart continued to beat at a slow regular 
rate throughout this procedure. 

The making of the cardiotomy and the closure 
of the ventricular septal defect required a period 
of six and one-half minutes. The infundibular 
muscle was then resected and the cardiotomy in- 
cision closed with release of the vena caval flow 
into the heart at nine and one-half minutes. The 
pump was shut off at 11 minutes and 51 seconds 
At this time the patient’s heart action was ex- 
cellent and the blood pressure was 100 mm. Hg. 
The heart now had a healthy normal pink color. 

The caval catheters were removed, and the 
auricular incisions were oversewn. The subclavian 
artery catheter was removed and that vessel 
ligated. The pericardium was loosely approxi- 
mated, and the chest was closed with two drain- 
age catheters. The patient’s measured blood loss 
during the operation, which lasted 2 hours 30 
minutes, was 600 ce., including that volume as- 
pirated from the interior of the heart during 
cardiotomy. This quantity had been synchronously 
replaced by an intravenous transfusion of citrated 
hank blood. The patient’s weight at the con- 
clusion of the operation was 8460 gm. as com- 
pared with 8550 gm. immediately preoperatively. 
Therefore, the child was transfused with an addi- 
tional 90 cc. of blood before being moved from 
the operating room. The patient was given 0.5 
gm. of calcium gluconate intravenously, but no 
protamine was deemed necessary. The patient's 
bleeding and clotting time at the end of the opera- 
tion were 6 minutes 30 seconds and 6 minutes, 
respectively, as compared with 6 minutes 10° sec- 
onds and 2 minutes 30 seconds preoperatively. 
The preoperative hemoglobin was 19.1 gm. per 
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100 cc., and that taken at the conclusion of sur- 
gery was 14.7 gm. per 100 cc. 

A dramatic improvement in the patient’s oxy- 
genation was evident from the appearance of the 
intrathoracic tissues. This impression was con- 
firmed when the surgical drapes were removed 
at the conclusion of the surgical procedure and 
the infant’s color was seen to be normal. 

The donor’s plasma hemoglobin taken 30 min- 
utes after the perfusion was 15 mg. per 100 cc. 
The donor’s convalescence was uncomplicated, and 
he was discharged from the hospital 36 hours after 
the surgery. 

The infant’s convalescence was gratifyingly un- 
complicated, and 48 hours after surgery he was 
had oc- 
45 days 
was 


removed from the oxygen tent that he 
cupied since admission to the hospital, 
earlier. On the 25th postoperative day he 
able to sit up alone. This act he had been unable 
to do since the age of 14 months (Fig. 1B). His 
brachial saturation on Dec. 29, 
preparatory to his discharge, was 94%. 


artery oxygen 
Jan. 26, 1955, the patient was seen in the Out- 


Patient Clinic. He was clinically normal and his 


color was normal. He was now standing alone 
and weighed 9500 gm. Digitoxin therapy was dis- 
continued. Chest 
duction in the heart size as compared with that 
of the preoperative studies (Fig. 2B). The child 
returned to the hospital May 23, six months after 
corrective surgery for cardiac catheterization and 
other His age now 25 
months, and he weighed 10.6 kg. He was clinically 
His mother stated that he was walking, 
fatigue, was as 


roentgenograms showed a _ re- 


follow-up studies. was 
normal. 
played all day without apparent 
active as his normal siblings, and never appeared 
cyanotic. Physical examination was negative ex- 
cept for the incision Grade 2 
systolic murmur without a thrill along the left 
sternal border. The postoperative cardiac catheter- 
measurements confirmed the 
child’s cardiac anomalies 


surgical and a 


im- 
had 
been wholly corrected and that his circulation was 
This child’s 


improvement has continued, and at his most recent 


ization clinical 


pression that the 
now normal physiologically (Table). 


clinic visit nine months after surgery he weighed 
12 kg. and his mother volunteered that he was 
now more active than his brothers. 


Comment 


The advent of a reliable technique ¢ for 
total bypass of the heart and lungs during 
prolonged periods has made possible the 
performance of curative surgery for a va- 
riety of cardiac lesions (ventricular septal 
atrioventricularis and 


defects, communis, 


~ + References 1 through 5. 
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tetralogy of Fallot defects). Without a di- 
rect-vision intracardiac approach they have 
remained incurable, 

Since March 26, 1954, this technique of 
controlled cross circulation has been utilized 
for reparative surgery under direct vision 
in 45 consecutive patients suffering from 
these defects. There has 
been no donor mortality in this series. 


abovementioned 


Among those patients with cyanotic con- 
genital heart disease successfully managed 
by this method was a 2-year-old girl with 
atresia of origin of the main pulmonary 
artery. In her case® it was possible after 
closing the ventricular septal defect to anas- 
tomose the pulmonary artery to a newly 
created opening at the top of the right ven- 
outflow tract. 

the 


gained in these 45 direct-vision intracardiac 


tricular 

From knowledge and experience 
operations with use of the cross circulation 
method for support of the patient, it has 
been possible to develop a simple, disposable, 
inexpensive, artificial oxygenator { to re- 
place the human donor, without sacrifice 
of the 


herent in the donor method. Subsequently, 


safety and effectiveness so in 
with use of this oxygenator and the same 
pump used for the cross circulation opera 
tions, 44 patients ranging in age from 4 
months to 21 years have had their hearts 
and lungs totally bypassed for intervals up 
to 50 minutes during direct-vision intra- 
cardiac correction of their defects (ventric- 
ular defects, atrial 

communis, 
Fallot, and complete transposition of the 


septal septal defects, 


atrioventricularis tetralogy of 
great vessels). 

The patient herein reported is unique in 
that he is the initial patient to have the te- 
tralogy of Fallot defects corrected with ob- 
jective postoperative studies to corroborate 
his normal clinical appearance. 

Upon the basis of these gratifying suc- 
cesses as well as from the instructive fail- 
ures, we have adopted the curative operation 
as the method of choice for all patients with 
the tetralogy of Fallot defects who are in 


“{ References 7 and 8. 
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need of surgical help at this time. For ur- 
gently ill patients located in clinics where 
the curative operation may not be available, 
as yet, the anastomotic operation without 
opening the pericardium is recommended 
only if the patients cannot be tided over by 
nonoperative management until the com- 
pletely corrective operation becomes avail- 
able to them. 


Addendum 


Continuing experience with the com- 
pletely corrective operation has confirmed 
it as the most desirable procedure for pa- 
tients with the tetralogy of Fallot defects 
in need of operative treatment. 

At this clinic no anastomotic procedures 
for tetralogy have been deemed necessary 
during the two years since the advent, in 
August, 1954, of curative surgery for these 
defects. 

During this interim, as indicated in the 
text, the effective simple oxygenator has 
supplanted the cross circulation technique 
for oxygenation. Among the 130 patients 
operated upon to date with total body per- 
fusion utilizing this pump oxygenator, there 
have been 29 patients with the tetralogy 
defects having the corrective operation, 
with 20 successes. Careful analysis of our 
failures, particularly, has resulted in’ sub- 
stantial additions to our knowledge about 
the pathological anatomy and techniques 
for its correction, with a consequent steadily 
decreasing operative risk for the patients. 

The commonest cause of death or failure 
was failure to completely relieve the pul- 
monary obstruction coincident with the com- 
plete closure of the ventricular defect. This 
problem, in the severe tetrads with very hy- 
poplastic outflow tracts where it is not an- 
atomically possible to resect — sufficient 
infundibular muscle, has been readily man- 
aged, since its recognition, by use of an 
appropriately sized piece of compressed 
polyvinyl sponge (Tvalon) sewed into. the 


ventriculotomy incision as a roof to further 
enlarge the right ventricular outflow tract. 
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Calei ication in the 


Report of Two Cases 


S. FRANK REDO, M.D., New York 
and 
WARD D. O'SULLIVAN, M.D., Philadelphia 


Reported cases of calcification in the 
portal vein or its tributaries are few. Mago- 
vern and Muehsam! in reporting a patient 
with extensive calcification in the portal and 
splenic veins noted that only 21 cases had 
been recorded in the past 50 years. The first 
case to be diagnosed roentgenographically 
and proved at surgery occurred in 1948? 
In the patient described by Magovern and 
Muehsam, diagnosis was made roentgeno- 
graphically and confirmed later at autopsy. 
None of the patients have been subjected to 
portacaval anastomoses, 
for 
analysis, it was thought worth while to re- 
port two cases encountered at the New York 
Hospital with calcification in the portal vein 
or tributaries. 


Because of the few cases available 


Both patients were subjected 
to surgery and have been followed post- 
operatively. It is hoped that when suitable 
numbers of cases are available for study, 
the possible explanation for this phenome- 
non may be reached. 


Report of Cases 
Case 1.—This 33-year-old white man was ad- 


mitted to the New York 
esophageal varices. 


Hospital because of 


His present illness began 16 years prior to ad- 
mission, 1934, at which time, while engaged in 
physical activity, he 
and 


had sudden epigastric pain 

amount of coffee-ground 
He had melena following this. Without 
treatment the episode subsided, and he was well 


vomited a large 


material. 


until 1935, when he again bled. He recovered from 
this in about One year later, 1936, 
he had hematemesis again, but this time it was 


two weeks. 


Submitted for publication Jan. 17, 1956. 
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associated with jaundice. He was admitted to the 
New York Hospital for the first time on Oct. 28, 
1936, where work-up revealed Banti’s disease, and 
he underwent operation — the 
The liver was noted to be 


enlarged and had evidence grossly of early cirrho- 


splenectomy. At 
spleen was enlarged. 


sis. No mention was made concerning phlebo- 
sclerosis. His postoperative course was compli- 
cated by hematemesis and melena, which subsided 
under conservative management. 

until 1939, 
when he had two episodes of hematemesis which 
had no 
further bleeding after this until 1949, when he was 
hospitalized elsewhere and required 


Following discharge he was well 


responded to conservative measures. He 
four trans- 
fusions for gastrointestinal bleeding. Esophageal 
varices, not present before, were noted on x-ray, 
and he was admitted to the New York Hospital 
on March 15, 1950, for further evaluation. He 
had had no jaundice, abdominal pain, nausea or 
vomiting, anorexia, ascites, melena, hematemesis, 
or weight loss since his last episode of bleeding 
in 1949. 

Physical Examination —The patient was a well- 
developed, well-nourished white man in no acute 
or chronic distress and without evidence of 
jaundice. 

His temperature was 98.6 F (37 C), pulse rate 
80 per minute, respirations 18 per 


blood 130/80. 


pletely unremarkable except for minimal varicose 


minute, and 


pressure Examination was com- 
veins over the lower extremities and a healed left 
upper rectus incision. The patient had no ascites 


or abdominal tenderness. His liver was not en- 
larged. 

Blood Count: 
Hemoglobin 14.5 gm. per 100 ce.; red blood cell 
count 4,300,000 per cubic millimeter; white blood 
cell count 9000 per cubic millimeter with normal 


differential. 


Laboratory Data.—Complete 


Urine: Unremarkable. 
Stool for Occult Blood: 3-- 
hospitalization, and 14 


and 4+- during 
at time of discharge. 

Sulfobromophthalein Sodium (Bromsulphalein) : 
6.4% retention on admission. 

Serum Bilirubin: 1.2 mg. per 100 ce. 

Cephalin Flocculation: 3 units. 

Bleeding, prothrombin time, B.U.N., 
CO, Cl, protein with A/G ratio, alkaline phos- 
phatase, and thymol turbidity were within normal 
limits. 


clotting, 
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CALCIFICATION IN PORTAL VEIN 


X-ray: Gastrointestinal series was normal in 
ragard to stomach and duodenum, but esophagram 
revealed esophageal varices. 

Course.—At operation, March 27, 1950, the liver 
was found to be slightly nodular with areas sug- 
gesting regeneration together with scar formation. 
There was marked edema in the subhepatic area 
and increased vascularity about the subportal 
structures. Veins in the mesentery were promi- 
nent. Portal pressure measured in one of these 
was 280 mm. of saline. Palpation of the portal 
After dis- 
section, the portal vein proved to be a very short 


vein revealed areas of calcification. 


wide structure with calcification in its wall. A 
projection of the caudate lobe between the portal 


vein and the inferior vena cava made portacaval 













































Fig. 2. (Case 1)- 
Section from the superior 
mesenteric — vein. The 
vein wall is composed of 
dense hyaline tissue 
which is calcified in part; 
the darker, fragmented 
areas represent calcific 
deposits in the wall. 
Reduced about % from 


mag. X 27. 


anastomosis impossible. Therefore, an anastomosis 


was performed between the superior mesenteric 
vein and the inferior vena cava. Repeat portal 
vein pressures following the shunt revealed no 
appreciable decrease. 

Biopsy of the liver revealed it to be divided into 
numerous large nodules by bands of fibrous tissue. 
There was distortion of the liver lobules in the 
nodules, with eccentricity of the central vein in 
some areas. There was remarkably little cellular 
infiltration of the portal areas (Fig. 1). 

The small section of mesenteric vein excised 
from the site chosen for anastomosis was com- 
posed of dense hyaline tissue, a part of which was 
calcified (Fig. 2). 


Fig. 1. (Case 1).— 
Liver biopsy. The liver 
parenchyma is somewhat 
distorted, but there is re- 
markably little fibrosis or 
cellular infiltration in the 
portal Reduced 
slightly from mag. X 90. 


areas. 






















































The patient’s postoperative course was marked 
by upper gastrointestinal bleeding that began on 
the 13th postoperative day. During the next six 
days 2000 cc. of whole blood was given by trans- 
Following this bleeding ceased, and 24 
days after surgery the patient was discharged. 

About three following 
patient had another bleeding episode and was read- 
He required 1500 cc. of blood, and an 


fusion. 


months discharge the 
mitted. 
esophageal tamponading balloon was necessary to 
The balloon was in place 
Hg for three 
Several days later he was discharged. 


control the bleeding. 
under a pressure of 25 to 30 mm. 
days. 
In 1952, two years after the last episode, he 
this 
function 


again bled, but time transfusions were not 


required. Liver studies performed on 
both of these later admissions were within normal 
limits. X-rays of the esophagus revealed persistent 
large varices. 

Since his discharge three years ago, the patient 
has had no further bleeding. At last examination 


his liver was 1 fingerbreadth below the right 


costal margin. He had no ascites, jaundice, liver 
palms, or spider hemangiomata. 

Caseé 2.—This 29-year-old white woman was 
admitted to the New York Hospital in May, 1954, 
for a portacaval shunt because of marked gastric 
and esophageal varices. 


\bout 


she had had hematemesis and melena. She was hos- 


12 years prior to this admission, 1932, 


pitalized for about one month, and gastrointestinal 
that 
“stomach ulcer.” 


series at time was said to have revealed a 
Bleeding ceased, and about nine 
years prior to admission, 1935, she had another 
episode of hematemesis. 
given 4000 cc. of blood. 


intestinal series was unremarkable, and work-up 


She was hospitalized and 
At that time a gastro- 


this she 
The liver was reportedly 


revealed an enlarged spleen. Because of 
underwent splenectonpy. 
normal at operation. 


Following this the patient had no further epi- 


sodes of bleeding. She married and had two 
normal full-term pregnancies. 
In 1952 she once more had tarry stools and 


required transfusions. 


A gastrointestinal series during her hospital stay 


hospitalization and blood 
suggested a duodenal ulcer. When bleeding ceased, 
she was discharged on an ulcer regimen. Follow- 
ing this she was well for about two weeks but 
had hematemesis, and tarry 

She was rehospitalized and required trans- 


then apprehension, 
stools. 
fusions. Repeat gastrointestinal series again was 
thought to show a duodenal ulcer, but in a location 
different from that noted. She had 


normal liver function studies and was not icteric. 


previously 


There were no varices on the esophagram. 

admitted to the New York 
Hospital for the first time, where gastrointestinal 
revealed 


The patient was 


X-rays small esophageal and gastric 
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The liver was 2 


the right costal margin. 


varices. fingerbreadths below 
Work-up was otherwise 
unremarkable. 

On July 3 she had an exploratory laparotomy. 
The liver was observed to have changes suggestive 
Portal was 200 to 
210 mm. of saline, and portal venogram failed to 


of early cirrhosis. pressure 


show extrahepatic block. Because portal pressures 


were not significantly elevated, a portacaval 


anastomosis was not done. No pathologic changes 
were noted on the biopsy specimen of liver. 
Following this the patient was readmitted twice 
in 1953 and again in 1954 for episodes of tarry 
stools, and each time she was treated by trans- 
function studies revealed no ab- 


fusions. Liver 


normalities. In each instance x-ray examinations 
revealed gastric and esophageal varices. Because 
of the recurrent bleeding episodes and _ persistent 
admitted on 
May 16, 1954, for portacaval anastomosis. 
Physical 


tient was a well-developed, well-nourished white 


varices on x-ray studies, she was 


Examination—On admission the pa- 


woman, not appearing acutely or chronically ill 
or jaundiced. 

Her temperature was 98.6 F (37 C), pulse rate 
80 per minute, respirations 20 per minute, blood 
pressure 110/70 
tion was unremarkable except 


ment 2 to 3 


The remainder of the examina- 
for liver enlarge- 
right 


fingerbreadths below the 


costal margin. She had no ascites, jaundice, liver 
palms, or spider hemangiomata. 

Data. 
115 


white 


Blood Count: 
gm. per 100 cc.; 


blood = cell 


Laboratory —Complete 
hematocrit 


5400 


Hemoglobin 


reading 38; count with 
normal differential. 
Urine: Unremarkable. 
Stool Blood: 1 


negative on three occasions. 


for Occult on one occasion; 


Liver Function Studies: 
100 ce. 
hin time, total protein with 


Bilirubin: 0.4 mg. per 
Cephalin flocculation: 7 units. Prothrom- 
A/G B.U.N., 


COs, Cl, Na, and K were within normal limits. 


ratio, 
Course—On May 18 a portacaval anastomosis 
was performed. At operation the portal vein was 
attached to surrounding tissues by adhesions and 
excessive amount of fibrosis. As the portal vein 
was further dissected, it was found that inferiorly, 
came out of the there was an 


as it pancreas, 


obvious plaque of calcium in its wall. The vein, 
because of this finding and because of the dense 
adherence to the surrounding tissues, was not nor- 
mal, and it was thought that possibly it might be 
This 
tradiction to the portal venogram taken in 1952. 
until 3 to 4 
cm. of portal vein was exposed circumferentially. 


occluded by a thrombus. would be in con- 


However, dissection was continued 


The inferior vena cava was prepared for anasto- 


mosis. The portal vein, when divided, was patent, 


and the intimal aspect was smooth. However, 
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erwise 
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restive 
00 to 
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ssures 
acaval 
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twice 

tarry 
trans- 
oO ab- 
ations 
cause 
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e rate 
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to 4 
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vever, 





ERY 


CALCIFICATION IN PORTAL VEIN 


lateral heaped-up 


zone of medial and intimal thickening, resembling 


along the right edge was a 
an atheromatous plaque. This was cephalad of the 
previously palpated zone of calcification. An end- 
to-side portacaval anastomosis was then performed, 
with use of the greatly hypertrophied or sclerotic 
In palpating the anastomosis 

a good compressible oval 


area of portal vein. 
after its completion, 
existed superiorly. Inferiorly, however, the lumen 
was obviously compromised by the thickened por- 
Portal pressure was 
25 cm. of saline before the shunt and fell to 13 
cm. of saline after the anastomosis. 


tion of vein described above. 


Biopsy of the liver revealed no abnormalities and 
specifically no evidence of cirrhosis. 

The section of portal vein excised showed bun- 
inter- 
vening fibrous tissue, which stained deeply pink 


dles of smooth muscle in association with 

and was relatively acellular. 
Postoperatively the patient did well except for 

slight evening temperature elevation during the 
After this the 


mained normal, and she was discharged on the 


first nine days. temperature re- 
l4th postoperative day. 

Since discharge she has had no further episodes 
of bleeding. Esophagram one year after operation 
revealed no evidence of varices. 


Comment 


Patient 1 has done 


poorly, as might have been predicted, for 


Postoperatively, 


there was little drop in portal pressure fol 
the the 


mesenteric vein to the inferior vena cava. 


lowing anastomosis of superior 
The wall of the vessel used in the anasto- 
mosis was calcified. Subsequent course sug- 
that the 


bypassed, and, indeed, may have progressed. 


sclerotic area was not 


gests 


His varices persist throughout the thoracic 
esophagus. 


In Patient 2, in whom a partly hyalinized 


portal vein was used for the portacaval 


shunt, a good fall in portal pressure was ‘ 


obtained. Her subsequent course suggests 
that progression of the process has probably 
not occurred. 

The cause of sclerosis of the portal vein 
is unknown. Earlier writers * placed great 
emphasis on syphilis as the etiologic agent. 
that 
plaques in the portal vein resulted from a 


Banti+ thought atheromatous-like 


3 and 4. 


* Banti, cited by Trevor.‘ 


* References 





Saxer® considered 


sclerotic endophlebitis. 


sclerosis the result of thrombosis, while 
Spiegelberg® and Borrmann* considered 
sclerosis the forerunner of thrombosis. 


Primary sclerosis of the portal vein was 
reported by Buday,® Hart,? and Winkler.’® 

The possibility of sclerosis being secon- 
dary to hepatitis with spread into the portal 
vein is discussed by Magovern and Mueh- 
sam.! In the two cases reported in the 
present article, neither of the patients had 
a history suggestive of hepatitis at any time. 
There was no evidence of syphilis nor did 
the portal veins contain a thrombus. It is 
interesting to speculate on increased portal 
pressure causing vein wall injury with sub- 
sequent hyalinization and calcification. How- 
ever, in both of the patients reported, the 
portal pressure was not markedly elevated, 
and, if this supposition were correct, sclero- 
sis of the portal vein would be seen in more 
cases of portal hypertension. The liver in 
Case 1 revealed only minimal fibrosis and 
evidence of portal cirrhosis. In Case 2 the 
liver was normal on microscopic section. On 
this basis then, the portal hypertension and 
associated gastric and esophageal varices do 
not seem to be secondary to cirrhosis, but 
possibly are due to the narrowing of the 
portal vein from the sclerotic process. This 
suggests that the etiology of the sclerosis 
was not the hypertension, but rather that 
the sclerosis might be the probable cause 
of the hypertension. The pathogenesis of 
the portal sclerosis in these cases cannot 
be outlined. In the his- 
tory of hepatitis or syphilis and with the 


absence of a 


minimal findings of cirrhosis, it is likely 
that none of these played a role in the de- 
the Whether the 
patients had subclinical attacks of hepatitis, 


velopment of sclerosis. 
which led to vein wall injury and subsequent 
hvalinization and calcification, is a matter 
for conjecture. 


Summary 


Two cases of sclerosis of the portal vein 
are reported in which portacaval anastomo- 


sis was performed. 








The various etiologic factors thought to 
lead to sclerosis of the portal vein are dis- 
cussed. 

The postoperative courses in the cases re- 
viewed are presented. 
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LIGATION OF INFERIOR VENA CAVA AFTER NEPHRECTOMY 


To the Editor:—When we wrote our article called “Ligation of the Inferior Vena Cava 
After Nephrectomy,” published in the February, 1956, issue of the A. M.A. ARCHIVES OF 
SURGERY, we were unaware that it was to be considered a discussion of the procedure of liga- 
tion of the vena cava, in general. We appreciate Dr. Dodson’s comments very much, but we 
believe that they require a little clarification so that our article should not be presented in 
anything other than the light in which it was intended. 

We realize that our drawing is slightly misleading in that it shows the presence of a 
residual stump of the right renal vein. This is done merely to show the anatomical relation- 
ship of the ligature on the vena cava as regards the normal position of the right renal vein. 
It is to be noticed that we present this as one case in a large experience, and we certainly 
do not present it as the method of choice of controlling hemorrhage from the renal veins. At 
any time that the veins can be transfixed and ligated, or the vena cava repaired, we well 
realize that this is the method of choice. 

The misunderstanding, then, revolves around the fact that this patient, due to infection, 
had a tremendous hematoma, as shown in the lateral view of our Figure. There was not only 
complete absence of the stump of the renal vein, but there was an erosion or hole into the 
vena cava which did not lend itself to repair, due to its friability from the chronic low-grade 
infection. So much, for our case. 

In Dr. Dodson’s editorial, he makes the statement that it would be preferable to leave 
clamps in the wound rather than to ligate the vena cava; and, in another place he says that 
“although . . . the inferior vena cava may be safely ligated, it is a drastic procedure.” We 
believe that this statement requires some clarification because it is our sincere feeling that, in 
the presence of large pulmonary emboli, the “failure” to ligate the inferior vena cava is a 
drastic procedure. We have tried minor ligations in the presence of these phenomena, and 
only one year ago, one of us (R.M.B.) ligated a right common iliac vein in the pres- 
ence of repeated pulmonary emboli only to have the patient die four days later from 
a silent thrombophlebitis in the other extremity. We have, therefore, come to feel with 
Homans that thrombophlebitis is, in most cases, a bilateral disease, even when no symptoms 
exist on one side or the other; and we have seen people die of fatal pulmonary emboli with 
thrombophlebitis or phlebothrombosis, demonstrated at autopsy, when, indeed, there was never 
at any time a single leg sign present. 

We have come to believe, then, that if anything is to be ligated—and we prefer to treat 
these things by ligation—it should be only the inferior vena cava, and nothing less. Our 
experience with 39 vena cava ligations leaves us only one death, that in a patient 79 vears of 
age who had previously had a suprapubic prostatectomy and had advanced myocardial disease. 

We believe that the indications for ligation of the vena cava should very definitely be 
present before such procedure is undertaken; but, when the indications are present, we believe 
that not to ligate the inferior vena cava is drastic. We believe that Dr. Dodson has exag- 
gerated the danger of vena cava ligation beyond its proper position. We do not believe that 
it is a dangerous procedure, and we have done it as a follow-up procedure in practically any 
general surgical measure that you can mention. We have never had a patient die of pulmonary 
embolism following ligation of the inferior vena cava. We have not had a patient disabled 
by edema following the ligation. It is to be understood that some of these people do have 
some swelling of the ankles which is easily controlled by elastic stockings, but that one must 
be alive in order to wear elastic stockings. 

Again, we want to thank Dr. Dodson for his fine editorial, and to tell him that, until his 
editorial appeared, we did not know that our article was to be discussed from the standpoint 
of ligation, in general, but we appreciate this opportunity to discuss the problem with him and 
to state our side of the question. We agree with Dr. Dodson that this procedure, which we 


Specialists certified by the American Board of Surgery (Drs. Bolman and Lloyd) ; Fellow, 
American College of Surgeons (Dr. Bolman). 
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recommend, is only to be used when ligation or suture-ligation is not feasible. There will be 
cases where this thing recurs, and, when those procedures are not feasible, we certainly do 
believe that a clean surgical ligation of the vena cava is much to be preferred over something 
which leaves clamps on a friable vessel in a field where one can scarcely be certain of what 
one is clamping. We appreciate the opportunity to answer his editorial. 


R. Morton Botman, M.D. 
Roserr P. Lioyp, M.D. 
717 Broadway, 

Fort Wayne, Ind. 
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Radical surgical intervention for the treatment of intra-oral 
carcinoma and cervical metastasis from these lesions has become 
feasible and safe in recent years. Both primary and metastatic 
lesions can be removed during the same operation as a combined pro- 
cedure, If necessary, en bloc excision should be performed and even 
hemimandibulectomy carried out if indicated. Dissection of the neck 
for metastatic lesions always should be radical. 

This exhibit presents (1) the clinical appearance and salient 
pathologic features of various types of malignant intra-oral and 
cervical metastatic’ lesions, with the aid of illustrative cases, 
(2) the surgical anatomic features of the oral cavity and the neck, 
(3) indications for surgical procedures and (4) results of treat- 
ment. 





Neck Dissection For 


Metastatic Lesions 
And Removal of the Primary Lesion 


Dissection of Neck and Treatment of Primary Lesion 
Should be a Combined Procedure 
In treating labial, oral or laryngeal carcinoma, dissection of the neck, when in- 


dicated, 


is preferable, 


should be carried out 
lesion as a combined procedure. 
may be removed separately but, 


simultaneously with 


it should alwavs be radical in type. 


Nodes to Be Removed 


A radical neck dissection for labial 
or intra-oral carcinoma should remove 
all the nodes shown except the preau¢ic- 
ular nodes, In the dissection, the tis- 
sues that are sacrificed should be re- 
moved en bloc, 


plexus 


x gular & 


scalemua @ 


Sternocleidomastoid and 
Omohyoid Divided 


Sternocleidomastoid and omohyoid divi- 
ded and retracted, exposing the brachial 
plexus, scalene muscles and large ves- 
sels, Internal jugular vein ie divided 
and elevated, Digastric muscle and con- 
tiguous structures are freed from man- 
dible, 





Parotid gland ~~ 


Sy auricular © 


Suprahyoid Incision 


Suprahyoid incision ise made first, 
and neck etructures to be removed are 
freed from the lower border of the man- 
dible, The mandibular branch of the fa- 
clal nerve is preserved uniess the adja- 
cent tissues are involved, 


int juguiar 


Dissection Completed 


The internal jugular vein divided and 
ligated as close to the jugular foramen 
ae possible. The hypoglossal, lingual, 
vague or phrenic nerves may be excised 
if necessary. Carotid vessels may aleo 
be sacrificed if invaded by the carci- 
noma, 


the treatment 
The contents of the neck 
if anatomically possible, 
Excision of the primary lesion 
margin of normal tissue about the lesion; 


of the primary 
and the primary carcinoma 


en bloc dissection of both 
should be wide and include a proved 
if any dissection in the neck is indicated, 


Vertical Incision 


A vertical incision ta extende 
the clavicle and skin flaps retra 
The platveama muscle, if not involved 
the tumor, is usually preserved anc 
attached to the ekin flaps, 


Hemiglossectomy 
and Hemimandibulectomy 


Hemiglossectomy, hemimand i bul ec tomy 
and excision of the floor of the mouth 
have been completed. This should be 
done .en bloc with the neck structures 
but may also be done independentiy of 
these tissues at the same operation 








Neck Dissection (Cont.) 


In a radical dissection of cervical structures, all tissues that can be sacri- 
ficed are removed en bloc, leaving only the carotid arteries and certain tissues. 


Postoperative Care 


Antibiotic therapy (usually penicillin 600,000 units daily) to prevent infection. 
Anticoagulant prophylaxis beginning the fourth postoperative day in all cases, 
Early ambulation beginning day of surgery. 

Frequent use of tracheostomy to insure an adequate airway. Ensarecially indicated 
following hemimandibulectomy or bilateral neck dissection. 

Maintenance of nutrition by intravenous infusions and by nasal-tube feeding as 
soon as possible, 


Type.of Anesthesia | Mortality 


General anesthesia (usually so- ig gag er Se —— 
dium pentothal) and a cuffed intra- tion alone is less than | per cen 
tracheal tube are used and for combined procedures 3 per 

« « ue x . e ~ t. 

Blood ansfusions are given as con 
ae , Hospitalization for patients on 

Seseanery tracheostomv is estab- whom neck dissection alone is car- 
lished frequently to assure an ade- ried out is 3 to 5S days and for 
quate airway those on whom a combined operation 

sii is done is 7 to 10 days. 


Indications Bilateral 
For Neck Dissection Radical Neck Dissection 


Il. when clinically positive or proved posi- A bilateral neck dissection (simultaneous or 
tive cervical metastatic lesions are present,re- two-stage! is frequently indicated and justifi- 
. ‘ é ble when metastatic lesions are present bilat- 
gardiess of location of the primary lesion, & 
" f loc ft p erally. The procedure can be carried out with 
4 afety 
2. When it is necessary to expose the lateral 8 = 
neck for a hemimandibulectomy, even though the rete —_ eee is indicated 
cervical nodes do not appear to be metastatical- when it te fe that the side not operated upon 
ly involved ° may become inoperable before’ the 
; ; can be done, 
y 3. When the primary lesion ie in the tongue, Guetate of the head is frequent ly present 
= m floor of the mouth, cheek and larvngopharynx, = ; to avs so fgg at a Marked edema of 
par regardless of evidence of clinical metastatic e face may appear as the cvanosis disappears. 
oe ivclvenens This condition, too,gradually disappears but not 
tures ¥ completely, 
tly of " 
J 


second stage 














Illustrative Cases 


Early Treatment is Most Essential 


The best time to treat intra-oral carcinoma is during the early, localized stage. 
This implies an alert lay group and a high index of suspicion among the medical and 
dental profession. Precancerous lesions, such as leukoplakia and epithelial hyper- | 
Plasia, should be removed before obvious carcinomatous changes occur. ) 

One should not advocate radical surgical procedures, with their functional and | 
cosmetic deformities, except when absolutely necessary. Unfortunately, many pa- 
tients come to surgeons with extensive or recurrent lesions that make radical com- 
bined resections necessary. 








Carcinoma of the Tongue 


Woman, 53 years old, "Smarting under the tongue" for 4 weeks. Ulcerative 
lesion 2.5x3 cm. along left border of middle third of tongue. Treated by com- 
bined radical neck dissection and hemiglossectomy by pull-through procedure, 
preserving the mandible. Pathologic report: grade 2 S.C.E. No recurrence 25 
months postoperatively, 








ee _— 
The Tongue !2 Days 
After Removal of Lesion 












The Tongue 3 Months 


The Lesion After Removal of Lesion 


Minimal Deformity | 
Following Neck Dissection |) 


Carcinoma of the Floor of the Mouth and Tongue 


Man, 57 years old. “Growth in mouth" for 3 months. Lesion involved floor of 
mouth, extending to lateral margin of tongue. Treated by combined radical neck 
dissection, hemiglossectomy, hemimandibulectomy. Pathologic report: grade 2 S, 
C.E,, 2.5x2.4 cm. Mandible not invaded. Cervical lymph nodes negative. Three 
months later, early S.C.E. excised locally from opposite floor of mouth. No re- 
currence 10 months postoperatively. 
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Patient in Good Health 
8 Months After Operation 
















Scar Following 


Minimal Deformity 
Combined Operations 


Gargica! Specimen Following Hemimandibulectomy 








































Illustrative Cases 


Carcinoma of the Jaw 


Man, 51 years old. A lesion 4x2x2 cm. involved the right mandible and caused 
numbness of lower jaw. Roentgenograms showed destruction of mandible near the 
angle. Biopsy: grade 2 S.C.E, Treated by radical neck dissection and hemimandi- 
bulectomy. Patient had good occlusion without prosthesis. No recurrence 20 
months postoperatively. 





— 











Deatruction of Mandible Minimal Deformity Good Occlusion in Spite 
> “_ . . ’ 
Preoperative Appearance Near Angle No Prosthesis Used Of Hemimandibulectomy 


Carcinoma Base of the Tongue and Epiglottis 
$ 


Man, 67 years old. Dysphagia for 1] year. Bilateral lumps in the neck 3 
months. Extensive ulceration involving base of tongue, extending into epiglot- 
tis; bilateral metastatic masses, Bilateral simultaneous radical neck dissec- 
tion, total laryngectomy and excision of base of tongue. Pathologic report: gr. 
2S.C.E. of base of tongue with bilateral metastatic masses. No recurrence 3 
years postoperatively. 








Appearance of hound Po Closure of hound: In Good Health 3 Years 
toperative Specimens 
Before Closure . Note Type of Incision After Operation 





































Illustrative Cases 





Indication for Mandibulectomy 


In treating intra-oral carcinoma, the strongest indication for removing the man- 
dible is invasion of bone by cancer. Other indications depend upon the proximity of 
carcinoma to the mandible, the problem of closure of the oral cavity and the sur- 
geon's judgment. When there is invasion of bone by carcinoma, disarticulation is 
performed. When there is no invasion, segmental resection may be performed, The 
proximal mandibular segment, however, adds nothing to the cosmetic result. Dis- ff) 
articulation is better if reconstruction of the bony defect ie not planned. None |} 
of our patients have had foreign bodies inserted in the form of a prosthesis, nor | 
have any of them requested bone grafting later. | 
| 


Carcinoma of the Cheek and Jaw | 


Man, 65 vears old. Ulcerated lesion on outer surface of left mandible, 7 cm, 
in diameter, which started as a "gum boil" 5 months previously. Biopsy showed 
grade 2 S.C.E. Treated by combined radical neck dissection and left hemimandi- 
bulectomy. Full-thickness involvement of cheek required preoperative planning 
of large cervical flap for closure of defect. Mandible was negative roentgeno- 
logically but was involved histologically. No recurrence 13 months postoperative- 
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Carcinoma of the Alveolar Ridge 


Man, 72 years old. A "sore in mouth" for 6 weeks. Biopsy showed grade 3 S.C.E, 
Roentgenogram of mandible was negative. Treated by combined radical neck dissec- 
tion, hemimandibulectomy. Pathologic report: ulcerating grade 3 S.C.E., 2x2x1.5 
cm., involving the lingual aspect of the alveolar ridge. Cervical lymph nodes 
were inflammatory. Mandible was invoived histologically. No recurrence 9 months 
postoperatively. 


























Immediate Appearance 


The Intra-or 
- After Combined Operations 





Negative Roentgencgras Postoperative Specimen 
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Illustrative Cases 


Postirradiated Carcinoma of the Lip With Metastasis 


Man, 68 vears old. Painful ulcerating mass of right cheek with pathologic 
fracture of the jaw and a cutaneous fistula. Treated by combined radical neck 
dissection, hemimandibulectomy. Pathologic report: grade 3 S.C.E., 4 cm. in 
diameter, involving body of mandible and invading submaxillary salivary gland. 
No recurrence 3 years postoperatively. 


sive Involvement 
rforating Cheek 


Postirradiated Carcinoma of the Lip With Metastasis 


Man, 55 vears old. Metastatic submandibular mass’ from cancer of lower lip, 
previously treated by x-rays. Duration 1 vear. Roentgenogram showed malignant 
destruction of mandible. Treated by combined radical neck dissection, hemimandi- 
bulectomy and primary skin graft. Pathologic report: grade 4 S.C.F., 8x7x7 cm, 
Patient has not been traced. 








Skin Graft 


Mass Attached j 1 , 
Positive Roentgenograwm es 2 hecks After Operati 


the Mandible 


on 











ERATING ROOM 











“Tt has taken the guesswork out of what is hap- 
pening inside the patient. It has certainly in- 
creased the safety of hazardous operations.” 
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The Cambridge Operating Room Cardio- 


The Cardioscope incorporates the recom 
mendations of prominent Anesthesiologists, 
Cardiologists and Surgeons. The Simpli 
Scribe Electrocardiograph is a fine portablé 
direct writing instrument embodying thé 
design and manufacturing skill of Cam 


scope continuously indicates to the Anes- 
thesiologist and Surgeon any lead of the 
patient’s electrocardiogram and the instan- 
taneous heart rate or the patient’s electro- 
encephalogram. Its sweep second hand is 
most convenient for timing respiration and 


bridge. Availability of this combination of 
instruments may well decide whether sur 
gery is justified upon a poor risk patient. 


It is must equipment for the modern oper 
ating room, 


for similar purposes. A cardiac standstill 
alarm gives audible warning instantly the 
heart rate drops below a selected critical 
minimum. 


By simple operation of a remote control 
switch on the Cardioscope, any portion of 
any lead of the electrocardiogram or the EEG 
is recorded upon the Cambridge Simpli- 
Scribe Direct Writing Electrocardiograph 
located outside the Operating Room. In this 
manner, a continuous history of the patient’s 
heart and of the depths of anesthesia can 
be recorded during the operation. 


Send for Bulletin 183E 
CAMBRIDGE INSTRUMENT CO., Inc. 


3054 Grand Central Terminal, New York 17, N. Y. 
Detroit 2, 7410 Woodward Avenue 
Cleveland 15, 1720 Euclid Avenue 
Philadelphia 4, 135 South 36th Street 

Chicago 39, 4000 West North Avenue 


PIONEER MANUFACTURERS OF ELECTROCARDIOGRAPHS 


CAMBRIDGE 


ELECTROCARDIOGRAPHS 














